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TERMS AND SYMBOLS USED ON BORING LOGS

SOIL TYPES SAMPLER TYPES
Sand

SStvSand

ClowSand

Peal or
HiflWy

3/41

£ <>30*c

SOIL GRAIN SIZE
US STANDARD SOVC

4 10 40

Thin-
waitedTub*

jfjfit-
twrrfll

300

Auger

Rock
Care

Dfnuan Q Piston

Pitcher NoRecovery

BOULDBtS GRAVEL
COARSE

SAND
COARSE FINE SILT CLAY

142 742 191 476 200 04X
SOfi. GfcUN SOC IN M/U/AffTflTS

( 3 )

0074 0002

STRENGTH OF COHESIVE SOILS DENSITY OF GRANULAR SOILS(23)

Consistency
Undriuned

Shear Strength,Kips Per Sq Ft Descriptive
Term

•Relative
Density, %

Very Soft . . . . . . . . . . . . . . . . . . . . l e s s than 025 Very Loose . . . . . . . . . . . . . . . . . . . . late than 15
Soft . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.25 to 0.50 Loo*e . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 to 35
Firm . . . . . . . . . . . . . . . . . . . . . . . . 0.50 to 1 00 Medium Dense . . . . . . . . . . . . . . . . . . . . 35 to 65
Stiff . . . . . . . . . . . . . . . . . . . . . . . . . . I 00 m 2.00 Dense . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 to 85
Very Stiff . . . . . . . . . . . . . . 2.00 to 4 00 Very Dense . . . . . . . . . . . . . . . . . greater than 85
Hard . . . . . . . . . . . . . . . .. greater than 4 00 ,_ . , , ,' ,'Estimated from sampler driving record

SPLIT-BARREL SAMPLER DRIVING RECORD
Blows Perfoot _______ ______Description_______________

25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 25 blows drove sampler 12 inches, after initial 6 inches of seating.
5 0 / 7 " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 50 biows drove sample' 7 inches, aft?r initial 6 nches of seating.
Ref 3 " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 biows drove sampler 3 inches during mitjai 6-inch seating interval.

Note To avoid damage to sampiirq tools, cnvmg is limited to SO btows during or after seatmg mtervaJ.

SOIL STRUCTURE ]1

Sackensided,. . . . . . . . . . Having pfanes of weakness that appear slick and giosav The degree ol sftckensidedneij depends upon
the spacing of siickenodes and the ease ot breaking along these pianes.

Fssured . . . . . . ... . Containing shrinkage or '*iiel cracks, often Idled with f»w sand or silt, usually more or less vertical.
Pocket . . . . . . . . . . . . . . . Inclusion ot ma-ervw o( difterent texture rriat is smaller than the diamner of the sample
Parting . . . . . . . . . . . . Inclusion less than 1.8 inch thick extending through the tampie
S e a m , . . . . . .. . Indus-'tm 1/8 inch to 3 inches thrf:k exiendrig through tne sjmple.
Layer . . . . . . . . . . . . . ,. Incluaton flreaier than 3 'ithes rhiek extendng through the sample.
LiTwnated . . . . . . . . . . . . . Soil sampic composed of alternating parting* or reams ot different soil typ-?
mtrrtayered . . . . . . . . . . . . Soil aampw composed ot alternating layars of drffarent soil type.
Intermixed . . . . . . . . . . . .. Soil eampir compo&eJ .' pockets of different so<l type and layered or laminated structure if ruit evident.
Cakrareous. . . . . . . . , . . Having appreciable qtantiiios of carbonate.

REFERENCES.
(1) ASTM D M88
(2) ASCE Manual 5ft (1976)
(3) ASTM D 2049

on each banrvj fog i, a compilation of subsurface conditions ana sail or rock
cfassi/FCa. «ws obtained from the field as itxii as from laboratory tutting of samples. Strata have been
interpreted by cammonl], accepted procedures. The stratum lines '^i :h$ logs may be transitional and
dpp^oww-te m nature. Water level measurements r^jer only to those observedut the tones and places
mdkatsO, and way vary uath nme. geologic condition or constru.-iton ocfiwfy.

M i B L f L L A N O

000770



LOG OF BORING NO. CAV-OW-03
CAVALCADE CONTAMINANT SURVEY

METRO-STAGE ONE. REGIONAL RAIL SYSTEM
HOUSTON. TEXAS

LOCATION n

SURFACE EL

§ s
*£ is

WATER CONTENT. S
Pfattic

Natural

20 40

UNDRAINEO SHEAR STfl£NGTl-
KIPS PgR SO FT

05 10 15 tO 2 .5

creosote «asti-s

'0

Brown and (jrav fine sano

n c lay , sHoccP

I

JOB NO. : OI83-OOOS
COMPLETION DEPTH 1 ? , 0 '
DATE February 7- '993
DEPTH TO WATER IN BORING - ' - 7 '
DATE : H^y '?- ^963

SAMPLER : No samples taken

DRILLING METHOD : *«t Rotary

LEGEND
Unconfined CotioroiRion
Uticonsolidfltect-uno/*mod Tr (axial

<^- Miniature Van*
lopan symbols above mdictto ttmnt
•«Jy Torvana
0 Hand Pe

t u a i M • i • *
CAMP OHEUCR » Me KIE

PLATE
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LOG OF BORING NO. CAV-OW-04
CAVALCADE CONTAMINANT SURVEY

METRO-STAGE ONE, REGIONAL RAIL SYSTEM
HOUSTON. TEXAS

LOCATION « 7 ) * . 7 * 3 i L

SURFACE EL S l . f

* *!
at *= 8— "s.

WATER CONTENT, % 1 uNOflAINCD SHEAR
PlMUc Liquidu«w Natural

30 40 M

KIPS »6fl SO FT
OS 10 IS ZO 2 5

rt 100 -Mii
1̂

* i th creosote

—16rOBT.. cijv

I i

JOB NO. : 0193-0008
COMPLETION DEPTH T 9 . 5 '
DATE ^cbruary 6, I1"!*)
DEPTH TO WATER IN BORING
DATE May r. 198)

SAMPLER . No samples taken

DRILLING METHOD : *?' "otary

STRENGTM LEOEND

Compression
Miniature Vane

tfuficate i«motata t

Ksnrt

PLATE
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LOG OF BORING NO. CAV-OW-05
CAVALCADE CONTAMINANT SURVEY

METRO-STAGE ONE, REGIONAL RAIL SYSTEM
HOUSTON, TEXAS

LOCATION

SURPACEEL 5 1 .0 '

; £ J . ! 5 : . i 5

* S • s°
W*TEP CONTENT 1,

Ufflil uquidUmrt

20

SHEAP STRENGTH
KIPS P£R so rr

0.5 10 15 2:0 2.S

:?*?:!-
'$&

10

Bro*n fine sjod
-«phalt fill to 0.5 '

-—1

0 1|

JOB NO. : 01fl)-0008
COMPLETION DEPTH u .O 1

DATE February 7, 1393
DEPTH TO WATER IN BORINv
DATE . May 17. 1 96J

SAMPLER , No -Mimpies

DRILLING METHOD «et HoUry

UnGonjOiidaWd-Undrained

Mimaiuca Vane
an symfwis abow indicate ramaiaou MS
Torvane
Hand PB'-etfomeier

PLATE
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LOG OF BORING NO. CAV-SL-05
CAVALCADE CONTAMINANT SURVEY

METRO-STAGE ONE, REGIONAL RAIL SYSTEM
HOUSTON. TEXAS

LOCATION n 73 i . £ ^

SURFACE EL 5 0 . 3

•' — : UJ i ,_ .
! — ' gui ' 5!

« JS J " £ :

'ill:

A'ATER CONTENT S
PlasticLimn Natural

20 -JO 60

UND^AINED SHEAR STRENGTH
K!PS PER SO FT

05 ( 0 IS 2.0 2.5
KILOPASCALS

SO >> !
F i l l : Brown fine arx)
Fil l : Intermixed bro«n Tine

•1th organic

Crj
10 • n below 10'

i? f oronn
l a s e r s . I

-«itr. s i f t

-w i th

JOB NO. : 0 1 * 13 -0006
COMPLETION DEPTH M j . o 1

DATE februarv J . 1 9 4 3
DEPTH TO WATER IN BORING w*,lfa , 1Oon

c--up let ion

; a v e r s . ^6' to

2 S ' ! I

SAMPLER J 1 tt> i i i ' »di ied tuhe

DntLLING METHOD -»et

STRENGTH LgQENO
0 Uncon'inei: Cflwioression
A Uo Co nso* i da led -unflramed rnai<a!

Comuiossion
^ Miniaiuia Uane

indicate fimoiosn tosttl
• Torvano
Hand Pe

M i e L * I L * M O
t « B I » l i * l

cKCE
PLATE
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LOG OF BORING NO. CAV-SL-26
CAVALCADE CONTAMINANT SURVEY

METRO-STAGE ONE, REGIONAL RAIL SYSTEM
HOUSTON, TEXAS

LOCATION t l 734 .59S ; E ? . ! 5 ? . 3 S 5

SURFACE EL 5 1 . 2 -

* ! lU I , -JS ' O> i 3.-*-

Zffl

WATER CONTENT. S
Ptastic
^.____

20

Limit

UN DRAINED SMEAR STRENGTH
KIPS PER SO Ft

O.S 1.0 1-5 2.0 2.5

F i l l : Gravel and sand
Cray And broiin sanny clay

- 10

20 •

JOB NO. 0163-00'J()
COMPLETION DEPTH t o .G 1

DATE Ma> 7 . t ? SJ
DEPTH TO WATER IN BORING . Cr«.ted uoon

romp let ion

01 i

03

SAMPLER : )"

DRILLING METHOD . Or

tube

1800

GCOtK

1900

STRE
Unconfined Compfgssion
Unconsotidaiad-t'fidraineO TnaxialCompress oil
Miniature Va^e

an symbols shove mOicaio temoiaea tostsi
Tarvflne
Hand Penetromeiar

I K 0 ( » » • • •
CAUP OrtBSfllK • htaHEE

PLATE
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LOG OF BORING NO. CAV-SL-27
CAVALCADE CONTAMINANT SURVEY

METRO-STAGE ONE, REGIONAL RAIL SYSTEM
HOUSTON. TEXAS

DE
PT

H. 
F-

5

10 .

15

———

• 20

30

___

,0

———

~>r
j

SY
MB

OL

' *

1
^

t

i
1
1
Ii
i

LOCATION N 7)c.?00: £ 3 . 1 5 7 , } s < »
tn
UJ-ja.
CO
^ SURFACE EL 50.9 '

F I J I : Gravel ^ntt dark ^;a> s^nd1- c lay

Cr«v and brown s^ndy clay

i

S'W
 f 

Ht
M

lf R

ot

02

% 
PA

SS
ING

NO
 2

00
 S

IEV
E

UN
IT 

DR
Y 

W
»"

LB
PE

ffC
UF

T WATER CONTENT %
PfSStrt, LjQUirlLimit Natural Limit

20 JO 60
1i

i j

'

1

; j

i

———————— i ————————
1

JOB NO. : 01S3-0090 SAMPLER: 3" th jn-* , i l l ed tube
COMPLETION DEPTH 10 .0 .DATE : May 7, T 9 3 3
DEPTH TO WATER IN BORING Ccuuted upon DtttLLING METHOD ; Dry Augercompletion

UNCHAINED SHEAft STRENGTH
KIPS PER SO FT

0.5 10 1 5 2.0 2.5
KILQOASCALSK SO 75 100 '25

1 i 1 '

|

: ' '

:

1

i

' ' .

j i. j

i ; •

i i ,ii

OR
CA

HfC
 V

AJ
*(*S

(
F'C

M

1300

1200

-00

STHCMGrH LEGEND
« Unconfmed Compress ion

Co no press, on
^ Miniature Vana
tnpen symoois above indicate remolded laslsi
^ Torvane
g Hand Peneiromatei

* M * I * « I fl t PLATE
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CLASSIFICATION OF SUBSURFACE MATERiALS
LOG
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[Q, MeCteUaitd engineers LOG OF BORING
HOwECT *eco«*«iS*a«C« S>tuO* - MtTflCi - i'.joe '.me. MRS • Houston. !«•«*_:.!£NT MoustoA Trantit Consultants
DR I L L ING (trHcCl«l|f«M| Cnoinecr*
£ £ UJP M £ NT USED fai i tne i*. crvc« «ouM«d
"ETHOD OP 90RCMOLE ADVANCEMENT ___ _ 5*f- Rotar* - ) * * . 'S" Dot ton rfiftcfuroe ost „

M

y-*LX »
*• IM
& M
b. IL

• iO-

.30-

C
t'V

AT
tO

N 
1

(f
fE

I> 
|

SA
MI

 L
E 

BL
OW

S 
Pf

ft 
1

6 
IN

CH
ES

 O
H 

RC
tO

VE
RY

j

5? /
XI?"

tg'X
xju"

1?V
x2-i:

l"^"xxJtir

———
jovxjir

o
;p
15

Ig-X
S\o-

< e
..?fi• • i

<HH—— -^Jfc.

sc^
!̂ W*

'

ST
AN

DA
RD

 r
lM

C
IO

A
f IO

NI
RE

SIS
TA

NC
E 

C
N

> 
|

ee
S 3
3 '

tu --» »& <¥ ^« h
Wl V

* I!

» i;
* :;

£<* sjs
V^IJl tN

i>"

£ :S

TsssS

*s
n* ';:
Xi~-— ii u « N

9H S.
\> n

SAMPLE I D E N T I F I C A T I O N
S - SPL IT BARREL
M - TH IN-WALLED TUSE (

TP*

AMMEK
EI&HTC* ALL

C*si«& OK l LL CREW
11^1?- ™ ew^KKR
PuW.

SOIL CLASSIF ICATIONAND REMARKS
•
•

.

.-; flLi,: Oark ,}. iy , tiily SAW) »jtn iittie
•: clay
• -hara, dark ^ray. CLAv, sandr Q.AV and
: SANG »ith occasional brictes and gr*v*i
rj d/8" ta 1/2" ) to 2'

i > ( « , 0 ' }
vS ^irn, ligM Brown and flroitnisn yellow,
O> sandy CLAY <ai

V ( 9 . 0 ' 1
:•; HediiM dense, llgtit gray, fine 5AND *ltn
•:".• -with trace to little clay to 12'

SJi

( 1 5 . 5 ' )
O« Very st iff , reddish Drown and greenish
*V Qf *y > CLAV with freouent calcareous
V nodules i l/S" to 1/2" (CM)|S> -with freouent silt ana sand s«an& bejoo
Xs 19'^v (20 . C >

Dense, reodish Drown and lignt gray, S ILTwith occasional clay SCABS IMLJ

;> Interl.iyered, st iff , iilty CLAV and aAV
ss with numerous silt and sand partings
^0 (CM/CD

k.
k* U

I6

1-
ttO

'"

102

9ft
Hill Ii

PER
CC

H: 
BY

 W
E i t

ut 
j

PA
SS

IH
C 

NO
.IO

Q 
SI

EV
EJ

7

C. »iv*tt*

_ _ . tM . t

JOB **C. OHi-"?*^T NO. ; ^F j
LOCATION H i*.M.9
*TA* in iu
ELEV

HATURAt. WATER
CONTENT w *A

L IM IT v
L IQUID
L t f l T V.1
"p *» vl
30 -0 (0

:
•+-*• '

1 ;

«-f+ '

1

1

i !

i
t !i

^ Mor-r-Pl^

j

stic

AT.c* J1 >
r IU |«Mr- ' : . ' !-«

UNDKAINEO SH6**

KIPS M* Sq, *T.
1 . 0 2 . 0 J . C - . 0

! i
| ;

i
i

* i •
| •
•^B

i
1 \ ;

ii i

, , ^EK

f

'

•fa+
.... .* !

.
; wAff c 'P LEVgL DATA STRENGTH LEGEND:

PATE
HOt> i » IUN) i ' i ' " ' / - b5

]?. i«.;it
1 J -2C/-S2

T IME
-*5td]-

- ——

BOTTOM
•R OP C A S I N G

t i . a
. 1 T

6 . -T
, ———

BOTTOM
or HOi t

to. T
7' ' 'to . .v

» UNCONFINEO COMP»ES'10N
COMMENTS A UNCCNSOL I DATED-UNDRA 1NED
. . . „ „ „ • „ , Tf t lAXIAL COMPRESSIONJ^.

Sealed n_
nn

roBVANE
lAND PgWETBOMETER
UNO wfl. qH i 8 , , • ,.

PLATE 11a
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.̂McCWte«td«igm*«ri LOG OF BORING (CQNT'D)

r C
It
•W"

• J ? •

• **t**

-so-

- 6 C -

dim
)]

1 
NO

M
VA

Slj] [S
A

M
flft

 B
LO

MS
 P

ER
|( 

IH
CM

fS 
O

R 
Rf

CO
VE

ftV

HMB*
t^a^m

7T>
_/.»>"

<V!xf>i^

4M*M«

^^v
0!T~*m,

•>•«*••

3 *
6l

3& *•

2?y
^V

"ttHaiBiH

£?'/.

•̂MK*

2.V>-
.X^t*"

IST
AN

DA
RO

 P
CN

CIR
AT

IOM
[RE

SIS
TA

NC
E <

H>

10V?

!
tOH

MM

12H

135

1*tM

'•'•K^

MM

16H

f

?tn
W\^XVws1;;s 1

y \is:!^
1
I
x^i
- i-r

1
I|i

SOU CLASS IF ICAT IONANC HC.MA* KS-

InMrUyaraa, kt lff , *tit> CLAV «mt CLAr
•ttft nuurou* *iit jno MM partln^tift/at M 2 0 , ,

Kara, reftaw, sftw ftrovn «M ̂TMnitn fr*>
iQntly stl?Kcn*id«a

U7.0M
Stiff, HgM ijrav and Brownisf yellon.
silly Cl« (at

turd, it^i
(CH)

fit ^^own, O.Ar »ith fr«ou«nt

Stiff, ilgnt Drown a no t»ro*msi yeiiw
sanay CLAT wltn trace to little silt
(a-ML)

|

-»itji frcduent sand jeans Delon a 5
U6. 5 ' )

V*r> dense, lignt grav , silly fi"« SANi
(SH)

' 5 1 . 0 ' fi very st i ff , reddish Bro*ft, CLA* *CH)
-nitfi occasional grecnis'i gray *efticai

and horizontal silt oartlnqs to i7'
! -highly sIlcKenaioec, wttft occasloitai

sano poeicets 1 1 / 2 " ) to 61'

-sand layer, &' ' to 62 '-fnoderateiy slicK«nsidCd. 62' to £U'

I -slightly sllchenaitiefl, 6^' to o9'
-witn freousnt sand oart inos . (•'-' to >2'

SAMPLE I DENT I FI CAT ION !S - SPLIT BARREL
H * THIN-WAULED TUBE (HOUSTON)

IPR
Y 

UN
IT 

HE
IG

HT
<P

C
F)

117

98

IPE
RC

CM
T 

BV
 w

t ic
m

(pA
SS

lN
t, 

NO
. 7

0*
 S

ttV
t

3S

80t IN6 NO. _ »7-*

CONTENT w"\ft•LAST icL IM IT p
UQUIP

w w v.p « J
-t- —— # ——— t-
20 < •« 60

. f

*

j

i

!

«•

'

i

t
( 1 ) f iEPER TO SHEET 1 FOR 60R1WG LEGEND,
C2) «EFER TO PLATE 19 FOB KEY TO

DESCRIPTION AND CLASS lF iCAT lON
OP SUBSURFACE M A T E R I A L S .

.inn »t«. .,",!,;; .".^.V*.,.i

STRENGTH

KIPS •€• SO. *T .
J . Q 2 . 9 5 . 3 4 . 0

1 t

; ; f

i ,
;

i

A
| • *; G^

f ' |

1

; 1

j
i

|

i i
1

i

f*

i 1! I
I

; , 4^

j !

• UNCONFINBO CO^PRgSSION
A UNCONSOL IOATED-UNDRAlNED

TR1AX1AL COHPBE3SION
•4- TORVANB
0 HAND PgNCTROKETE'R

PLATE 11D
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LOG OF BORING (CONT'D)

_ C L A S S : * \ CAT IONAND R £MAS<S .

, rcddisn Drown, <XAr <CH;
toccuent sane partings, (& to 7?

with
angle. 69' to

brawn. 69' to 72'

trace silt aelow 7?

Bottom of aorinq at 9C .C

AMPLE I D E N T I F I C A T I O N :- SPL IT BARREL_ TMIN-WALUD TUBE(HOUSTON)
REFER

rtd light grjv » it *
Mt 7?

Dro»n anC greenis/i<a.
It and sard poorifts

9 C . C '

10*

i

*
I

IJ iI 1

' -1

i

I

i

R TO SHEET 1 *3R BORING LEGENC.
R TO PLATE 19 FOR KEY TOR IP -MON AND C L A S S I F I C A T I O NUBSUBFACE MATERIALS.

I

j1

i

;

i
•

i

i
i
i
i.1it
ii
!1
!

i
i
i1
i
1
|

I! : i1 : ii ; i
1 • 4 i
! 1 A :a. a
i • , j

!
4$> •? <

! i
i . !
1 , . i
' ' ' I

1 • . |
i • i

! ' ' !

i . : i
j • : 1
i i ;

i ' ! '1 1 1 ;

i i
t
i
i
fiii
i

i
STf iEN&TM LEGEND' .
* UWCONFJNED COMPRESS ION
A UNCONSOLlDATEO-UNDflAlNED

T R I A X 1 A L COMPRESS ION
•$> TORVANE
0 HAND PENGTf tOME IER

PLATE 11C
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- 10 -

I
I
I

engineer LOG OP BORING
HRS - Houston.

CL IENT .ftouston T r an sK. Consultants _
3? HeCjie iana

EQUIPMENT JSEO faii ino 36. truck mounted
METHOD OP P"»R£HOLE ADVANCEMENT ___

- 3 7/g- bottom discharae bit

. 30 .

>
K Om ̂
0. HJB:trtx «o o,Jffl tfl•a
-j u

Z w
Ufi^as <
•A

1H

5H

TYPE
SIZE
HAHHEft
W61GHT5PAL1. Push

OR ILL CREW
ENSlNEEfi

SO I L CLASS IP ICAT ION
AMD RgMAftKS

TILL: Dark gray a«d crown, si ity fin*
SANrt with little fine to medium gravel
and shells and roots -

firm, darfc grav and ftrownisr, yellow,
•sandy CLAV tCU

-with crawfish hole. 5' to 6'
-light aray ana brownish y«llow with

frequent sand pocKets and ferrous
nodules M/8" to 1/4" ) below 6'

"Stiff below T ( 8 . 0 ' )
Light gray and brownish yeljo* clayey

5AND with frequent ferrous nodules
( 1 /9" to 1/ 1 " ) (SO ( 1 0 . 0 ' }

Light gray, fine SAND witl- trace silt (SP )

-greenish gray, sllty clay seam below!<.. r ( 1 4 . 5 ' )
Ver> stiff, reddish brown and greenish

gray CLAY (CHJ

f 18 .0 r )
Reddish brown and greenish gray

SILT with trace to l itt le ( 1 8 . 8 ' )
Very stiff, reddisn br~o*n7~~*TIty ' (

CLAY with trace sand and frequent
calcareous nodules ( 1 /6 " ) 'CD

Very st iff, reddish brown, CLAY with
frequent calcareous nodules (1/1") (CH)

(2).O1)
Reddish orown ana greenish gray , s i lty

fine SAND JSH )
( 2 5 . 0 ' )

Very st iff, reddish brown, silty CLAY (CD

;ry stiff, reddish Drown and brownish
yellow, CLAV with freouent silt partin.and.calcareous

1 1 1

> &

I).
D. Lourie

NO. PM"9.

SHEET NO.
LOCAT ! QH . 2

!«.? f 1 I O

DATE
DATE

i^jz^r
NATURAL *AT£R
CONTENT vPLASTIC
LIMIT w P
L lOUID
LIMIT Wj

VP % »!

20 6 0

——ft_U

UWDRA1HE& SHEAfl
STREMSTH

KIPS PER sq. rr
: . c z . o 3 .0 v .

SAMPLE IDENT IF ICAT ION :
5 - SPL IT BARRELH - THIN-WALLED TUBE row) DATE TIME hJATTR

BOTTOM
OF .HOLj

Sealed.

STRENGTH LEGEND:
* UNCONF INED COMPRESS ION
A UNCONSOL IDATED-UNDRA1MED

T R I A X I A 1 . COMPRESSION
^ TORVANE
B HAND
BOR ING

PLATE 12a

000781
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IH. McClelland engineers

-3tT-

--€-

- 5 C .

-60 -

-65-

ItU
EV

AT
lQ

M
C

FE
ET

}

— -

JSA
MP

LE
 B

LO
W

S 
PE

R
5 

INC
HE

S 
OR

 R
EC

OV
ER

*

Kn£

{ST
AN

DA
RD

 P
EN

ET
RA

TI
ON

RE
SI

ST
AN

CE
 (

N
>

\$*
. . .

I?'/
X2-

Mill

TV/*."

If"/
<?t'

1?'.-'
^a"

l.?'X
/;>(,"

^VxJx1

^^

SA
MP

LE
 N

UM
BE

R

""<!
•s
ŝ

10H J
N

S" 1

S '
s s\ '

V *

\ •"
s *s '
V ^
\ 's '

i5;

1S
'"I

V15H S>1
1™™-s\

^- \J»

LOG OF BORING (CONT'D) B O B I N G

; SOIL CLASSIFICATION< AND REMARKS.K3
—
**
/i

\S Very st iff, reddish brown and brownish
V y*llow, aAV with frsquant silt partings
V aflct calcarenus netfules ( 1/8" to 1/4")
Js Very stiff, greenish gray and brownish
i* yello*, sllty CLAV with trace fine
> s sand (CD
. s
i *, s

V -with freQuent calcareous nodules M/fl"
,•« to I/ft " ) , 19' to <«0'
,N -l itt le fine sand oelow )8'

\ -greenish gray and reddish hrown Oelo*

'

§
N^

sN CtS.OM
fiefldlSh ftrown, sandy SILT (ML)

(50 . 0 ' )
\ Very s t i f f , reddish brown and greenish
O gray, CLAV (CH)
O -with occasional sandy silt pockets and
\ freguent calcareous nodul«s i l/8" to

~N -reddish brown, silly clay seam, 56 .9 '„
\ -with freciuent sllty fine sand ana sandy
^ silt partings, 63' to f,u'
\ Laminated
\ liaht a

SAMPLE ; DENT ! P ICAT ION :S - SPL I T BARRELH - THIN-WALLED TUBE (HOUSTON )

reddish brown clay and ( 6 d . 5 ' ) |
-av sandy SILT f CM/ML)

IDR
V 

UN
IT

 W
EIG

HT
CP

CF
)

1 16

1 1 3

IJiM^»

[PE
RC

ENT
 sr

 W
EIG

HT 
j

PA
SS

IN
G 

N0
.2

0a
 S

IE
VE

|

66

CONTENT » \nPLASTIC
L - I H I T w

P
L IQUID

W W W .P fl 1

2

*

0

4 )

. i f ' ihj

0 t^ 60

4 i

1 '

I I

NOTES:
( 1 ) REFER TO SHEET 1 FOR BORING LEGEND.
(2) REFER TO PLATE 19 FOR KEY TOD E S C R I P T I O N AND C L A S S I F I C A T I O NOP SUBSURFACE M A T E R I A L S .

i

' f-

j

I

j
j

NO .

.JOB NO.
SHEET N

STB

K I PS
1 .0 2

3M-9

. • 5 ^ -G i . ^
"- --*-.. fif :_„'_-

- £R SO- FT.
. 3 3 . 0 « t .O

1

• i *

i

:

» &+

i

i
*+

*^

. . .
S T R E N G T H LtbEND ; '
* UNCONF 1NED C O M P R E S S I O N
A UWCONSOLIDATEO-UHDRAINED

T R 1 A X I A L COMPRESS ION
^. TORVANE
H HAND PENETRQMFTEB
BOR ING NO . fJH-9

PLATE 12b
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•S: HcCJdtaitd *ngin««

K O
1Ufc.

5 f f i

O o

21 * -1 -* i/>. w
1IA a

Ktu80

2
IU

_yv I w

' tTH
70 .

SO-

• IOC

LOG OF BORING tCQNT'O)
^ ]NATUR4 L rtATEft

w %

SOIL CLASS I F ICAT IONAND
5 i~S L I M I T•-J. : L I Q U I D

L I M I T

, reddish bre*n, CLAV an»gray sandy SILT (CH/ffiJ

22aj ~
^j trt
K <Atil <fs. a.

_____ _ _ _ _ _ _ _ ._«JB;. _ - . . . raaaisft ferown, CLAV »Uh
freouent sandy &Jlt partings, poems
and calcjrsous nodules U/B" to I/a")(CH)L1K,flMy afid r;s^^^r^^

1̂ . 0 ' )
(a)

._______._ ( 7 7 . 0 ' )T s t i fF- r«"ii4h^r^TcLAv >,::
1 9 H .XV fST1' 'Ut» Ci" «- •« SS.U

Botton Of Boring at SO.O '

SAMPLE
S - SPL I T BASRE L
H - THIN-WALLEO TUOB (HOUSTON) N O T E S :

CO REFER ro SHEET j
C2J «£FEH TO PLATE 19

DESCR IPT ION AND
SUBSURFACE M

-*"•———*•
1 "0 60

i i

S HAND

SHEAR
STREM6TM

KIPS Pgft so. PT2.0 J.ft f c

000783
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|C; Headland engines LOG OF BORING Boa iws „„ HM^O
paoj ECT «econoaissanc? v:,jdv - *CTRG - Staoe One, fiSS - Houston, Ie*as JOB NC . yls2-W3^
:LIENT Houston Transit Consultants. SMEE
DRILL ING

T NO. ' OF 3

BYMcCleilann engineers LOCATION N 73f t , 565. 9' ' L 1» ii^.^V^.i
•CjUlPMEN'T USED Wdvnev* 2SU, bu#» mounted £A5LHG GRILL
METHOD OF BOREHOLE ADVANCEMENT _____ S i2£ "f^T'^T "*NGIN|ER"^

. - ... _. _ . _.. _ . . ... ._ WEIGHTgPALL Push

DE
PT

H
(F

ES
T)

 
|

-5 -

- 1 0 -

. 1 5 -

~20-

-25-

Ft
EV

AT
IO

N 
1

(F
Ef

T
)

SA
MP

LE
 B

tO
W

S 
PE

R 
J

6 
JM

CH
ES

 O
R 

RE
CO

VE
Rf

]

\S's
-?&

tfVsfrr

it

il

•

:9'X>2v
. ———

t*
^

1 7

•

&•/
"s>u

aft ft

•^*n

ST
AN

&A
RO

 p
eN

eiR
A

nO
N

I
RE

SIS
TA

NC
E 

<N
> 

|

1 1

SA
MP

LE
 N

UM
BE

R

1H

3H

7M

j
ST

RA
TIG

RA
PH

Y

ipwXV•ŵ
^Iw

5 AMPLE I D E N T I F I C A T I O N :
S - SPLIT BARREL
M ~ TH IN-WALLED TUBE CMC

SOIL CLASSfflGATrON
AMD REMARKS

FlLts intermined, reddish grown, dar« gray
a«J greenish gray CLAY and darlc gray
sandy CLAY with freouent cinders, glass
and shell fragments
-with roots to 1'
-dark gray, sandy clay with some silt

and little gravel, 2' to 4'
-dark gray to dark brown sllty fine

$and with roots and creosote odor
&elo* "'

Hedimn dense, dark gray clayey SAND *itr
roots and creosote oaor (SO

19 .5 "
Very stiff, light gray and oro*nish

yellow, sandy CLAY *lth fretjuent
vertical sand partings, creosote odor
and occasional ferrous nodules ( 1 /2 " )
(CL)

Ligf.t gray, fine 5 AMD oltn ilttie silt jns
creosote Odor (SH )

Bottom of Boring at 2 0 - 0 '

t——•£«i-u-t- u
™ 6.

VKQ PE
RC

EM
T 

BV
 H

EIG
HT

 
J

f -AS
S IM

O N
O. 2

00 
SIE

VE)
*

1 3

CREW STATION _

0. Lourie SLEVATtnw . ^-51 " • ™ " r^ATP < ;TABTrn. u^-52
3ATE P IM ISw ^ r , .M'.?",62,..,

NATURAL WATER
CONTENT v %
PLAST IC
LIMIT «P
LIQUID
LIMIT v
v v vP n 1j..— #—— 4.
20 1.0 SO

+*——*•

J
* '

i
\ !

1 • :

^N-f ;
i '

i : i

i > '

i

! ' '

1
1

i
1

iii

UM0RAINBO SHEAR
STRENGTH

KIPS PEfi SQ. FT.
K O 2 . C 3 . 0 4 . 0

E^ i
ii] \•fjp- 1i

i
1

:
.

j
(

i
IHi

. . . . ! . . . . . . . . . . . . .

WATER LEVEL DATA S T R E N G T H LEGEND :
BOTTOM

DATE TIME WATER OF CASINGUSTON) T7rnTnT"™*t — — fTF"* — """' ———i?- ' i ' :6J' - ' • * - ' • ' ' '—— „ —— ——— — . — ̂ * ——— „ — ̂ _
—————————— g ———————————— —————————————— ... ———————————— - ————— ———————— 1 ————————— - ———————— ——

BOTTOM
CF HOLETTT"~ " v.T '

» UNCONF INED COMPRESS ION
COMMENTS ^ UNCONSOL JOATED-UNDRAINeO

. • . _ TR IAXIAL COMPRESSION5ea i co ^ Trt ;u
———————— _ 0 HAND

ANEPENETROMETER
. , , , „ . , - , . . . . , : U n a i Mf t w n . fiM-10 i . . . . . . . _ .

PLATE 13

000784
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[Q> McClelland engineers
cor.n

LOG OF BORING
S iuo y - n£TSO_- we . BRS - Hoys ton . 'e

~ ' ~ ~ ~ ~ ' 'CLIENT _Mgust on T r an* i t
ORILLINS 6Y HeCjg.ii

uSE&Ma*h«<* 250.
METHOO OK BORgHOLE AOVANCeMgNT ._

-^3 7/9" faoitoB discharge Bit

i*• uW h.O w

. 30*

Ul
a. oUJ u

.li

li 100
1*"

TYPE
SIZE
HAMMER
MEIGHT6FALL Push

OBTLL

3H

SOIL CLASStr iCATlON

FILL; OarK nro*n, sandy CLAY with freouent
ahell fragsients, roots and sand pockets
-silty fine sand to 0.3'
-»itf> shells and gravel, 1* to 2'
-dark bro*n and dark gray, sandy claybelow 2'

( * . £ > ' )
Firm, lignt gray and brownisn yellow,

sandy CLAV with roots and freauent
san<j poeeets (CD
-dark bftwn and brownish yello* to 6'
-with freauent ferrous nodules ( 1/4"

1/2" ) Belo* 6'
to

( 6 . 0 M
Jnterwixed. clayey SAND and fine SAND
*lth some clay and freducnt ferrous
nodules ( 1 /V ) to 1/2 " )

( 1 2 . 5 ' l
dense, light gray, fine SANO witn

little silt and fretjuent ferrous
nodules ( 1/2") (SH)

-with occasional sandy clay19'

Bottom of Boring at 2 0 . S '

SAMPLE I D E N T I F I C A T I O N • '
- S P L I T BARREL
- THIN-WALLED TUBE ("HOUSTON)

109

tu **

K Ift
Ul *£&. 0.

17

D.
D- Lourie

BORING HO. RM- 1 1
JOB NO. Gib * . 0232
SHEET NO._J__OF.
LOCATION.
STATION.
OFFSET^
ELEVAT Ift* *».
DATE STARTED..
DATE F IN ISHED .

NATURAL WATER
CONTENT wn%PLAST IC
LIMIT uP
LIQUID
LIMIT »

P n

20 tiO

•J

60

UND8A1WED SHEAR
STREHSTH

KIPS P£R SQ. FT.
1 . 0 2 . 0 5 . 0 0 . 0

WATER LEVEL DATA
DATE T IME WATER

[TIT
BOTTOM

OF C A S I N G MOLE COMMENTS
STRENGTH LEGEND:* UNCONFINED COMPRESSIONA UNCCNSOL lDATEO-UND^AINEP

Tf t lAX lAL COHPfteSSIOW
4- TORVANE
B NANO PENETHOHETER
0 OR ING NO., flH-1

PLATE 14

000785
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"_5t,dge_Une.

SAMPLE I D E N T I F I C A T I O N :

LOG OF BORING

fypgs ire
MAMMgft Pushsou*

JJSlbkSJL.ENGINEER

SOIL CLASSIFICATION
AMD REMARKS

' Dark gray, silty fine SAtJD wi:h roots

<2 .0 ' t
fins to stiff, dark gray, sandy CLAY (CL)

-light gray and brownish yellow Oslo* 8'

t 1 2 ,0 ' )
Denst, light gray, fine SAfJO »ith little

clay and occ£sionaJ clay seams 1SK)
-*ith occasional calcareous nodul«s

( 1/8") and sand $«am; bela* '3 .5 '

( 1 8 . 5 ' )
S t i f f , g reen i sn gray , CL AV"*i tfT'/rHquenT"

sandy slit pockets anrf occasional
clayey silt partings <CH)

a t 23'

8ottom of Boring at

S - SPL IT BARREL
H - THIN-WALLED TUBE (HOUSTON)

101

:. Rivette

9 0 R 1 N &
JOB NO. '-)SHE :? NOLOCAT 1 OHJL

TTT5T

ELEVATION
3ATE
DATE

NATURAL WATER
CONTENT w *
PLAST IC
L IM IT vP
I .IQUI&
LlHIT w.

P n 1

20 1 *0 £0

UNORAlNgD SMEAR
StRBNSTH

KIPS PER SQ. rt.
1 . 0 2 , 0 3 . 0 i * . o

WATER LEVEL DATA
DATE TIME WATER

BOTTOM
OF CASING

BOTTOMOF HOLE) COMMENTS
STRENGTH LEGEND;
• U M C O N F J W E D COMPRESS ION
A UNCONSOU1DATED-UNDHA1NED

TRIAXIAL COMPRESSION
«^ TORVANE
H HAND PENETROMETER
B O R I N G N O . _ n M - 1 2

PLATE 15

000786
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iG_: McOeltand engineers LOG CF BORIHO
PftOoECT^eco"r'^sjaAC_g--S.Uigj^- - METRO
CLIENT Jjoustp^. Transit Coqsyl^anj^J"

HRS - Houston, T«xas
90R ING NO .

DR I L L I NG BYHcCHlIana
e "0-.• ,Q,»2.-JK5i.(SHEET NO. i of
LOCATIO«_.f l . .735.5rt,

EQUIPMENT U5£B HavMw ^SO. Buogv Mounted
METHOD OF BOREHOLE ADVANCEMENT -u_fej-fe* J^.^JL*. 7/5" bjttftg discharge fait

-20-

IS

- 30 -

O O
E M

'9

PfYft

1H

2H

3S

SM

i

TYPE
SIZE
HAMMER

Stfigl,6" v 2.V
Push

DRILL C R wgH.i.y.eJL
ENGINEER

SOfL C
ANO

Dark gray to DUc*. silty fine SAND with
roots
-trace orsv«l l 1 - 5

Very loose,
(SO-with roots to 3'

<ji*ay, clayey fine

( a . 5 ' )
Firm, light 0f3V and brownish y«liow,

sartoy CLAY intermixed **ith clayey sand
and sand (a/SC/SPJ
-with frequent ferrous nodules ( 1 /8 " *.o

3/8") b«lo* 6'
-with vertical sand seam at 7*
-light gray and brownish yellow with
frequent eiay«y said and sand

. . cart irias. .and., seams. b*lo* 6' . ( 9 .V
Reddish brown, fin* SAND with little to

some clay (SP-SH)
-with occasional sandy clay pockets to

14'
-with little silt belo* )0.5'

-light gray beio* 1*'

M7.V )
Very s t i ff , reodistt bronn and greenish

gray CLAV (CM)
-moderately sJicken*i<ted to 1 9 . 5 '-frequent clayey silt seams belo* 19 .5 '

0. Hoenev
0.

STATinM

EL£VAT10N_AiJ
DATE STA1TED-
DATE F IN ISHED ,

NATURAL WATgK
CONTENT w '

L IMIT v

LIMIT

20 «*0 60

J 1 3

Bottom of Boring at 20.0'

SAMPLE I D E N T I F I C A T I O N :
s - S P L I T BARREL
H - TM.N-WALLED TUBE (HOUSTON)

66

W ATE ft LEVEL DATA

1 1

UNDRAIHCD
STRBM6TH

KIPS PER SQ.
1 . 0 2 . 0 5 . 0

FT.
< t . O

DATE T I M E W ATE ft or C A S I N G OP MOLE COMMENTS
BOTTOM BOTTOM

TV •*—•fcjri>-fc—i ——™^. Saaieij.

STRENGTM LEGEND:
* UNCONF INED COMPRgSS ION
A UNC0NSOLIDATED-UWDRA1NED

TR IAX IAL COMPRKSSION
TORVANE
HAND PHNETROMETER

„ BORING NO.J

PUTE 16

000787
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JC5 McOellarid engineers LOG OF SORING
Stud> - METffDi - Stace Joe, RHS-Y i i

CL I ENT ,M(Histpr'_Trarisn^Cof!SultjfttsrDRILLIHS
USED Havhe» 2W). bugĵ aguntgd

METHOD OP BOREHOLE ADVANCEMENT _„J^t *L_ rotary .^L_3^7/9"^ aot^tofli discHarge bit.

- S -

- 1 ^ -

•20-

30 .

2"

1H

74

3H

65

7H

S I2E
HAHME?.
WEISHTtFAUL

6" *. 2.V
PUSH

_D^1LLER
ENGINeER

SOIL CLASSIFICATIONAND

Dark gray. silt> fine SAND roots (SH)

Dark gray, clayey SAND (SO

firm, light gray and brownish yellow,
sandv CLAV *lth freauc.nt ferrous
n&duies d/9") (CL)

MO.O '
Light gray, fine SAND with little silt and

frequent brownish yello* sandy clay
pocKets (SH)

Very stiff, light gray af,3 brownish
yello*, silty CLAV with little sand

Bottom of Boring at 2 0 . 0 '

SAMPLE IDENT IF ICAT ION :
S - S P L I T BAf iREL
H - TH IN -WALLED TU8E ("-HOUSTON ~)

1 1 1

1 1 1

PE
RC

EN
T 

BV
 W

E
PA

SS
IKC

 N
O.

 JO

1 1 3

csew
D- Hoonev
0. Lour I e

BOR ING NO. 6M.fi .
JOB NO.

NO.
LOCATION

OF
,!5C?£~V 15T" 5^ jj, s

STATIrtW.^ , .

.eVATJON^Jlii.
DATg STABTFP_-^^SA
DATE FlMl«tHpri 12-&^62:

NATURAL WATER
CONTENT v %
PLASfIC
LIMIT wn

LIQUID
L IMIT «

p
4.
20 60

16

UNDRAIN80 SHgAB
STREHSTH

KIPS PER SQ. FT.
1 .0 2. f i 3. 0 H. 0

4-

WATER LEVEL DATA
DATE

TT Î
TIME HATER

6,2'

f iorroM
OF CAS ING

BOTTOM
OF HOLE

Sealed

STRENGTH LEGEND:
* L 'NCONFiNED COMPRESS ION
A UNCONSOLIDATED-UNDRA1NEO

T R 1 A X I A L COMPRESS ION
^- TORVANEB HAND PENETROMETER
BOR ING N0._

000788
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engtneert
PROJECT riecQonaissarr.-

LOG OF BORING
- METRO - St-jcte ha_S - Houston. Ie*asCL IENT HQUS tof_r r an s u

DRILLING SViJcC_i$,lĵ
EQUJPM6NT . buqav
METHOD of DOREHOLE ADVANCEMENT __
_J:*t_. Rotary. - .3 ?^.?° .bqttaa jii acftaffle-Pit

X t-

10-

-ZO-

25'

JOH

or Otu oa. tu

15-

e at
3E ti*
(A Of

1H

5S

TYPE
SIZE
HAMHEft

..CASINGSteel.
s 2 . 5 '

Push

DRILL C*_£W
ENGINEER

SOll. CLASSIFrCATION
AND RSMAflKS

Dark gray, silty fine SAHO «it^ roots and
frequent clay pockets (SH)

Dark gray, clayey SAND *itn roots (SO

Stiff , dark gray and Oro*rusli yfillo*,
sandy CLAY with roots, frequent ferrous
nodules ( 1 /8 " ) and vertical fine sand(CD 16 .0 ' )

Light gray and bro*nisn yeiio*. clayey
SAND with frequent fine sand yartirgs

Light gray and brownish yeiiow, fine SAND
ilth little clay < SM )
-with light gray, fins sand seaas to 12'

-light gray Beltn* 12'

Bottom of Boring at 1 5 - 0 '

SAMPLE IDENTIF ICATION:
S - SPLIT BARREL
M - Tri lN-HALLED TUBE ( "HOUSTON)

1 1 1

3: PI
** @si z
22
UlA
(C UStu <a. a.

50

D.
0. Lourie

- 15
i) OS NO ._j-L'.̂ _'-.I-SHEET N O ! r

LOCATION
STATION.

OAT£
DATE

NATURAL WATSfi
CONTENT «n*PLASTIC
LIQUID
LlHIt

20 60

13

UNDRAINCD SMEAR
STREHtitK

KIPS P£ft SO- FT.
1 . 0 2 . 0 3 , 0 4 . 0

WATER LEVEL DATA
DATE T IME WATER

BOTTOM
OF C A S I N G

BOTTOM
OP MOLE COMMENTS

STRENSTH LEGENp:
O UNCONFINED COMPRESS IOM
A UNCON50L IOATED-UNOBAIHBO

TRIAXIAL COMPRESSION
^ TORVANEB HAND PENETROMETER
BORING NO.

PLATE 18

000789
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McClelland engineers LOG OF BOR ING
- M£TRu - St,aoe - Houston.

Consultants
Engineers

truck nounied
TYPg
SIZE
rf£ ir ,H7£PALL

CASI
??1

DS i t,L C * Ew
gft 1 LL_ER_ f f t - "artin
ENGINEER

R O
B S

- <

- J

J ' Ji i-rr- .j.

3C.

. .-.-

,K, -

SO I L C U A 5 S I F 1 C A T 1 0 N
AND REMARKS

FILL; CPAVEL ana CJNOER5 to 0 . 2 1

-Gar* Drown S^ody SlL" *ltn freQuen*
clay pocKets and roots. 0 . ? ' to 2'

-dark tirowrt, silty fife S*HD with some
cla> , ^' to "'

;
-hara . dark bro*r«t s^noy CL^V to c lavev

SVC rt i th freouent sand seams ana
roots below *• '

( (, . 0 '

5 0 S ! f 4 G N C .
_C3 NC . _'^
SH£C" NO.
LOCAT ION (
STATION^.
OFFS£T__
ELEVATiCN.
5AT£ S T A R !
DATE e j- ; !«

»'

HE
IG

H
20

0 
S

FR
CE

Nt
AS

SI
NG

NATURAL WATER
CONTENT «niPLAST IC
L IM I T u
LIQUID
L IM IT v

Vn i

20 » iO 60

St i f f , darK gray and browniin vci iow.
sanav CLAV (CD
-with freouent sand seams and pockets

-° e '-* itf crawf i sh nole to 50'
-verv st i ff , iignt gray and bronnisn
vei i jw oeion S'

no

Medium ceise, 2ro*n i sn > - . I o n ,inc licr'i
gray, 'inc SAND » j th i i t t ie silt (SP I

( 1 7 .0 ' )
St i f * . ^ecIais^ Prowr. ana liqnt pray,

C L A V w i t f i frequent Mne Sdnfl part ings
(CH )

ter id-ereo. redaisr. oro»n, ^rn«nis".
yello* and oreenisn ara> , S I L T , CLAv
anfl cUyey 3ILT (ML/CH)
-w i t h freguent vert ic . i i cd io^rcous
nodules ( 1 / 1 6 " to I/f t " ) anrt fine
sand part ings to 2S '

!

- in ter layered svsr.av S ILT , s l l tv fine
SAuO ana ' .ery s t i f f CLAV oeion ^6'

91

"7

runs THOUSTON }

SHEAR
STRENGTH

PSR SQ. FT.
1 . 3 2 . 0 3 . Q " i . O

* A T E R L E V E L . S A T A
D A T E W A T E Rn

30TTOM 90TTOM
C O M M E N T S

-l̂ ilfifl ———

S T R E N G T H L E G E N D :
6 ( / - C O N F I N E D C O M P R E S S I O N
A U N C G N S O L 1 D A T E D - U N D R A I N E D

TR iAXIAL COMPRESSION
4- T Q R V A N E

HAND P"- '
B O R I N G NO.__I
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^ MeOeHand engineers LOG OF BORING (CONT'D) 6 0 R I N G NC. RN.- . ,
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)
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•mfim

~KL

a
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2
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^
>

IflH *i
s
i

•
«
«
s

11H ,
>

...

t2H

US

ISM
" """

16S

K

w.

|îNs sNSN
s ̂
^ \
^ Ns

sSi
4 Ni S\s
^ \* ; \
s SS v1

^v\vVs -Ts,
s* J\I11II
! ; >

SOIL CLASS IF ICATION
AND REMAPKS-

Interiayerea, reddis»> Drown. Orowoish
v«llott, and Greenish gray, sandy SILT,
Sllty fine SAHO and O.AV <HL/SH/CH>* .. ( 52 .0 ' )

Hard, reddisn broon ana green isn pray,
CLAV, heavily slicMnsidud (CH)

( J f t .OM
\ery stiff, brownish vellon jnd greenish

gray, si lty CLAY with some s0nd (CL t
-with frequent sand OJrtings to 3T1

-hara, light gray and brownish yellow
belo» 37'

U 2 . 5 - )i lnterffllxea, fiard. reddish Or own, CLAV ana
light gray sandy CLAY w i t h frequent
calcareous nodules ( 1 /9 " to !M" ) ,
sl ightly slickensioea (CH/CL)

( i if i .0'1
Hard. r*< idtsn Drown and qreenjsh gray,

CLA> , moderately slickensidea with
frequent silt pockets ICH)

Inter i^veccd, reddish srown SlLl . c lavev
SILI ana haro CLAV (ML/CH)

( 5 5 . 0 ' ii Hart), reddish brown, CLAY, highly
sl iektnsided ICH)

-with 'reaueni calcareous nooules ( I/ 1C"
to 1M") and s i l tstone seams,
56 ' t o S 8 . S '

(6 1 . 5 ' )
Dense , reddish brown, S I L f » l th l ittlesand <HU

[Ma r d t reddish brfiwo, CLAV mth
j freoueil calcareous modules ( 6 ^ . 5 ' )

{ 1 / 1 6 " t r l /9 " l (CH i

4—

UJ
a.t- ^_>^ a.

a

1 1 3

„. _ ,

[pF
dce

HT
 a

r H
EIG

HT
[P

AS
SI

MG
 N

O.
 2

00
 S

IE
VE

91

NAT

PLAS
L IM
L1QU
L IM

wE
-t
2

n
T I C
T wPID
T v

n 1
— -*— -t*
0 **0 60

i
1

»

-

i
j
i

» :

*

• - - ' , - • i
SAMPLE J DENT i F I C A T I O N :s - SPL IT eAflfteL N O T E S :H - TH IN -WALLED T U B E ( H O U S T O N ) (o REFER TO SHEET i FOR BOR ING LEGEND .

(2) PEPER TO PLATE A-ZS FOR KEY TODESCR IPT ION AND CLASS IF ICAT IONOF SUBSURFACE M A T E R I A L S .

j 0 0 NO- .-T . __, — ^ . . .SH£=T NC.^.S- J _

STRENSTM

KIPS PER so . FT.
1 . 0 2 . 0 J . O i * . (J

i 11; i

i
' ': 1 &

0 t -^ ;

i 1

• 1 •

i :

' ' 5 .0 - !.̂— b. 0+

i
5 . 0 - .

i
|

*i
i
5.0-^— «t*i 8*

1

l
i15 .0 . '

. . . . . _ . _X*—— H*
* UNCONF INED C O M P R E S S I O N
A UNCONSOL IUATED-UNDRA INED

T U I A X I A L COMPRESS ION
4- TORVANE
H HAND PEWETROMETER

B O R I N G . . .NO, ._™-_>< .

000791



1111I11111111
1111

£5. McOcIlanri engineers LOG OF BORING (CONT'D)
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11
1
3xn$&̂"

SOU. C L A S S I F I C A T I O N
AND REHARK.S.

Hard, reddish brtwn, CLAV witn frequ«ntcalcareous nodules (I/ IS" to 1/9" ! (CH)
U7.0 1 )

Laminated, hard, brown ano reddisn
bro*n, CLAY and 5ILT (CM/ML)

- in ter lavered , very s t i f f , redd'sh
Dfo*n and orownish ye l inw. sandv
CLA> ana CLVi , 7 * » ' to 7 < » . 5 '

-stiff, »ro*n ard light gray below

nara, reudish brown sr,a light o r a . - , sand\
i C L A Y with trace silt (CD

Bottom of Boring at 8 0 . 0 '

(JD
d) 

,
1HO

I3M U
N

fl AMQJ

100

JA us 
one -ON smsswui

1H"J13M Afl 
3N3Da3J|

: ON1 TENT
P-AS ' lC
L I M I T
L I Q U I D
L IM I T

w W
F n

^--.-»
20 "0

30R IN5 * JO . Rf j ' " '

b1

M

F

V.

——- f
60

1

I

-

•

i

s

it
j

i

SAMPLE I D E N T I F I C A T I O N : . .^roc5 - S ° L IT BARREL N O T E S .
M - TH IN -WALLED TUBE (HOUSTON) O ) REFER TO SHEET 1 FOR B O R I N G L E G E N D .

<2) REPER TO PLATE A-23 FOR KEY TO
DESCRIPTION AND CLASS I F ICAT ION
OF SUBSURFACE M A T E R I A L S .

JOD NO. ^-X-^T^J __

STREN5TM

K I P S PER so . c r ,
1 . 0 2 . 0 ? . 0 s - . O

! i : i

: '*

•4- • E

'

i; i

1 i

1

0 U N C O N F I N E C C O M P R E S S I O N
A UNCC . ' J SOL IOATED -UNDRA INED

TRJAXIAt , COMPRESSION
4. TOfiVANE
gj HAN^ PEN^TROMETEB

B O R I N G MO. .̂ 'iJ* _____ „, __I PLATE
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APPENDIX III

Acenaphtene
AcenaphthyleneAnthraceneArsenicBenzene
Benzo(A)Pyrene3,4 Benzofluoranthene
Benzo(k)FluorantheneBeryl l ium
Bis(2-ethylhexyl) Phtha lateCadmium
Chromium
ChryseneCopper
Creosote
Cyanide
Dibenz (a ,h )AnthraceneDibutyl Phthalate
2,4-Dimethy lpheno lEthyl Benzene
FluorantheneFluoreneLead
Mercury
Methylene Chlor ide
NaphthaleneNicke l
Pentach lorophenolPhenanthrenePhenol
Polych lor inated biphenyl
Polynuclear Aromat ic HydrocarbonsPyrene
Si lve r
Toluene
1 ,2,4-Tr i ch lorobenzeneZinc - ZnCl 2ZnCr xO y
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20 Handbook of Toxic and Hazardous Chemicals and Carcinogen,

ACENAPHTHEME
* Priority toxic pollutant (EPA)

is a white crystalline solid malting atDescription: Acenaphthene,95* to arc.
Code Numbers: CAS 83-32-9
DOT Designation: —
Synonyms: 1,8-Ethylenenaphthalene, 1,2-dehydro3cenaphthalene.
Potential Exposure: Acenaphthene occurs in coal tar produced during thehigh -temperature carbonization or coking of coal, it Is used as a dye intermedi-

ate, in the manufacture of some plastics, as an insecticide and fungicide, andhas been detected in cigarette smoke and gasoline exhaust condensates.
Permissible Exposure Limits in Air: No standards exist.
Permissible Concentration in Water ( 1 ) : To protect freshwater aquatic life-

1,700 /jg/fi. To protect saltwater aquatic life-on an acute basis 970 vg/% and
on a chronic basis 520 /tfj/C. To protect human health— 20.0 ^g/fi (based onorganolepticdatal.

Determination <".i Water: Gas chromatography of high performance liquid
chromatography (EPA Method 6 10 ) or gas chromatography and mass spectronvetry {EPA Method 625) .

Routes of Entry: ingestion from water or foods, inhalation.
Harmful Effects and Symptoms: Ar<- .aphthene is irritating to skin and

mucous membranes and may cause vomiting if swailowed in large quantities,
(The most thoroughly investigatec effect of acenaphthene is its ability to

produce nuclear and cytological changes in microbial and plant species. Most
of these changes, such as an increase in cell size and DMA content, are associated
with disruption of the spindle mechanism during mitosis and the resulting
induction of polyploidy. While there is no known correlation between these
effects and the biological impact of acenaphthene on mammalian ceils, these
effects are reported here because they are the only substantially investigatedeffects of acenaphthene.)

Points of Attack: Liver, kidneys, skin.
Medical Surveillance: Preplacement and regular physical examinations are

indicated for workers having contact with acenaphthene in the workplace.
First Aid: If this chemical gets into the eyes, irrigate immediately. If this

chemical contacts the skin, wash with soap immediately. When this chemical has
been swa/lowed, get medical attention. Give large quantities of water and inducevomiting. Do not make an unconscious person vomit.

Personal Protective Methods: Prevent repeated or prolony.'d skin contact.
Wear goggles when eye exposure is reasonably probable. Wash skin and changeclothing upon contamination.

Respirator Selection: Chemical cartridge respirator, gas mask or supplied air
respirator indicator— precise recommendation awaits definition of allowablelimits in air.

Disposal Method Suggested: Incineration.
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References
01 U.S. Environmental Protection Agency, Aeenafittthena: Ambient Water Criteria,

Report PB 209-782, Wteftungton, DC (19801.
(2) Sax, N.I. , Ed., Dangsrous Properties of industrial Materials Report, 4, No. I, 38-41,

New York, Van Nostrana fleinholdCo.

ACENAPHTHYLENe
See "Polynuclear Aromatic Hydrocarbons."

ACETALDEHYDE
* Hazardous substance 'EPA)
* Hazardous waste (EPA)
Description: CH3CHO, acetaldehyde, is a flammable, volatile colorless liquid

with a characteristic penetrating, fruit odor. It boils at 20" to 21 'C.
Code Numbers: CAS 75-07-0 RTECS A81925000 UN 1089
DOT Designation: Flammable liquid.
Synonyms: Acetic aldehyde, aldehyde, ethanai, ethyl aldehyde.
Potential Exposure: Acetaldehyde can be reduced or oxitiized to form acetic

acid, acetic anhydride, acrotein, aldol, butanot, chloral, paraldehyde, and penta-
erythritol. It is also used in the manufacture of disinfectants, drugs (A41) , dyes,
explosives, flavorings, lacquers, mirrors (si lvering), perfume, photographic
chemicals, phenolic and ^rea resins, rubber accelerators and antioxidants,
varnishes, vinegar, and yeast. It is also a pesticide intermediate (A-32) .

NIOSH estimates that 2,430 workers are exposed to acetaldehyde. Acetalde-
hyde is the product of most hydrocarbon oxidations; it is a normal intermediate
product in the respiration of higher plants: it occurs in traces m all ripe fruits
and may form in wine and other alcoholic beverages after exposure to air.
Acetaldehyde is an intermeciate product in the metabolism of sugars in the body
and hence occurs in traces m olood. It has been reported in fresh leaf tobacco as
welt as in tobacco smoke and m automobile and diesel exhaust (A-5). It has been
found in 5 of 10 water supplies surveyed by EPA with the highest concentra-
tions in Philadelphia and Seattle at 0,1 ng/% (A-2) .

Incompatibilities; Strong oxidizers, acids, bases, alcohol, ammonia, amines,
phenols, ketones, HCN, HjS.

Permissible Exposure Limits in Air: The Federal standard (TV/A) is 200 ppm
(360 mg/m3); however, the ACGIH 1983/84 recommended TLV is 100 ppm
(180 mg/m3). The tentative STEL is 150 ppm (270 mg/m3) and the IDLH level
is 10,000 ppn-..

Determination in Air: Acetaldehyde may be collected by impingsr or fritted
bubbler and then determined colonmotncatly {A-81.

Permissibln Concentration in Water: Human exposure to acetaldehyde prob-
ably antedates recorded history, inasmuch as acetaldehydo is the major metabo-
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I N C O M P A T I B I L I T I E S
STRONG Q X I D 1 Z E R S
CHPOHIC AC ID
CALCIUM HYPOCHLCP ITE

in
PERSONAL PROTECTIVE E'

NO NIOSH/OSHA DATA : PCCOHHEMP
PREVENT REPEATED OP PROLONGED SKIN CONTACT

UEAR IMPERVIOUS CLOTHING
UEAR GLOVES
UEAR FACESHIELD (8 WTH MINIMUM)

PLACE CONTAMINATED CLOTHING IN CLOSED CONTAINERS FOR STORAGE UNTIL
LAUNDERED OR DISCARDED

IF CLOTHING IS TO BE LAUNDEREB, I"fQRM PERSON PERFORMING OPERATION OF
CONTAMINANT 'S HAZAK'OL'S PROPERTIES

GOGGLES
PREVENT ANY P O S S I B I L I T Y OF EYE CONTACT

UASHING C H E M I C A L S FPCM THE S l ' I N
AT THE END OF EACH iJQPK SH IFT WHEN THERE IS REASONABLE PROBABIL ITY OF

CONTACT UITH THE SUBSTANCE
POUT INE CHANGING OF UO&- : CLOTH ING

AFTER 'JCRK SHIFT
CLOTH ING REMOVAL FC i . LCU I : iG ACC IDENTAL CONTAMINAT ION

IMMEDIATELY I? IT 13 CONTAMINATED

SPECIF IC EMERGENCY PP rv :3 IONS
EYE-UASH FOUNTA IN W ITH IN IMMED IATE WORK AREA UH5RE EMPLOYEES ' EYES MAY

DP r- . r nqpn rr C ; I I P < ; T > .JJT
i_'lj •< * ^ j l> LT . w W .* t * * T • T .. »-

QUICK DRENCH ING F A C I L t T I E S 4ITHIN IMMEDIATE UOP' ( AREA UHERE EMPLOYEES
MAY BE E X P O S E D TC S U P S T A N r p

EAI ING -VJ[i S M O K I N G SHOULD NOT BE PERMITTED IN IMMED IATE UORK AREA
UATES FOUNTAIN P R O H I E I T C D IN WORK AREA

: - £SPiR-- . : oR SEL :CT ION ( U P F E S L IM IT DEV ICES P E R M I T T E D )

- CHEMICAL
U ITH AN LHGANIC V A F O R CAF:TRK iGE
UITH A tUPf . CE^ I U 3 H T F r i C I E N C Y F I LTER

- SUPPLIED- ' . IP RESF IFV-TUP
- S E L F - C O N T A I N E D ^F .EX' r ' J I r JG APPARATUS

10 MG/M3
- C H E M I C A L C.- ' .FTPriE fTS!

• U ITH AN PP'lA.NIf V i - T d P
WITH A EUME GR H IGH -EFF IC I ENCY FILTER
UITH A FULL FACE-P IECE

• - GA3 MASK
WITH AN O P G A N I C " ' POP C A N I S T E R
(CHIN-STYI .H OP FK' l >T- OR PACK-MOUNTED CANHTER)• ' . : t r > ! A ^".' r-'=; • r "CE
KIT . ' A FL 1 - L • : • • ' r - ; " * - ! E ' ' L : l''!'^

- EUFPLTED " ' !P t r - t . r - . - v t• WTH A PI . ' ; .L F. ' r ' : : ' .'". ' - ' ELM i r i - ' T . OP HOOP
UITH A FULL l 'ACE-P iE r E

000799



t
•  

*
* 
•

* 
«

tn
 o

rn
2: 

r-i
ei 

e:
c: 

-*
e 
s:

o 
•- 

—

O
r*

ui
 o

000800



it
SK IM U !TH 3QAP OR Mi l . : DETERGENT J WATER . IF THIS C H E M I C A L
SOAKS CLOTH ING , IMf . n? !ATEL ! xEMCVE CLOTHING 2 WASH SKIN U I7H
SOAP OR HILD lETEPGENT S W A T E R . GET MEDICAL ATTENTION PROMPTLY .
IF A ?EPSQM B&EATurs rM L- 'FG" AMOUNTS OF THIS CHEMICAL, MOVE THE
EXPOSED PEP9GN TO F£E=» • ' • IP ^T ONCE. IF PPEfiTMIv)f} HAS STOPPED
PERFORM Af iT IF .CTAL P E G P I R A T T O M . KEEP THE AFFECTED PERSON UAS1
AMD AT REST, GET MED ICAL AT IEMT IOW AS SOON AS PCSSI&LE.

"iln

EYES
SKIM
PESPIRATORY SYSTEM

STATUS OF REGULATOR? EN rOPCS ^E ' ^ T
OSHA STANPAPD :9CF? l ? 10 . i :0 a MArARD C O M M U N I C A T I O N

REQUIRES CHEMICAL H- ^M iT ^CTUPEPS AND IMPORTERS TO ASSESS THE HAZARDS
DP CHEMICALS UHIC^ T^EY PRODUCE OR IMF 'OFfT . AND F>LL EMPLOi 'EPS HAVING

S IN THE M.V- 'UFACTUPINO D IV I S ION , STANDARD INDUSTRIAL CLASS-CODE^ :o TH?.C:JGH 39. TQ FPQVIOE INFORMATION TO THEIR EMPLOYEESQ HAiARDaus CHEMICALS PY HE-^MS OF HAZARD COMMUNICATION PROGRAMS
INCLUDING Lf i frL .5. H A T H R I ' L S A F E T Y DATA SHEETS, TRAIN ING, AND ACCESS TO
USTTTEN RECORDS

G3HA ST. ' .N I 'ARDS A P F L I C A P L E TO SUBSTANCES LISTED 29CFR19 10 ,
O' t hERUISE A D V I S E :

'JSHA ST^'H'- 'R* 1 2 1 " !CjT ' l ' ? 1 .0 . ' >4 VENT I LAT ION

OSHA ETAN I - -RD : ? C F P l ? l G . i : 4 P E S P I R A T O R Y P R C T E C T I O N

1

OS'HA STANDARD 2 7 C F R 1 0 1 0 . 1 0 0 0 A IR CONTAh lNAN l c
TASLE Z- l
OSMA sT-NO- .Hf tD : '?! ;r?:^ io . :^ ACCESG TO £MPLG i £ E EXPOSURE AND

RECORDS
OSHA STANt-ARt l ^ C E f i ? 1 0 . 1 0 0 : COAL TAR P I T C H VOLAT ILES
QSHA STANDARD ^CFP l ^ lO . i : : PERSONAL P R O T E C T I V E EQU IF ^ ENT
OSHA S T A N D A R D : n CFP ! ? 10 .M l S A N I T A T I O N

OSHA STANDft f tD : 9 C F R 1 0 1 0 . 1 5 1 MED ICAL SERVICES AND F IRST AID
OSHA STANDARD 2*?Cr?1 "".O. !?3 EYE AND FACE PROTECT ION

.n" f."r< c r r n t ^ c nr f t fJ . rnAT TONS TUAT C: : : i ' . : aF : ' . - : ; ( r . . . " c ; : : . - : T : O H ' . TO HEALTH - j : - r-r.
F .O ' 1 I P ES MA»Jt . " ;A1 r ' ' E : " •'.!'•:> C E R T A I N PROCESSORS OF C K E ^ I C - ' L SUBSTANCES
M! ' - u f ' ES TO I E V F Ptv- ' 1 ' ^ Of S IG f ' t t ' tCANT rU'VE: ' :E PEV:T l 'J f "3 TO HEALTH

OP T i l f L 'M ' IP IV^ ' ENT * -M= " -M- TO I JAVE JCCM CAUSCr - f i A 3i : jT - ' .NCE OREPA MAY ̂ - . r r : : • "? *EGU; :C SEPORIING oe SUCH RKCOPOS.
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' -r cn (ji i""i O 3* i ̂ 11 o r- 3
> n r-
t

r-
« 1£ > r r-i ^•' •- 
i i— D •x* ^^

Cu
 i 

rj
<r» 

«.••
;

'-" 
\]\

1'
 
••
!

' 
T 
'
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C C i T ' l ' C . I O r , C r T I O ' - A L ^ ' - -- 'S I T . 5 ^A I EP I - ' -CS I- '-FLE

I
I
I
I
I
I
I
I
I
I
I
I

FOLLCUr ' - 'G I^FOF^TI'-^ FPQ* P 'JFCAiJ GF EXPLCSK 'ES ' EMERGENCY HANDLING OF
MwZARDuUS MATER IALS ' :

HAZARDOUS SUBSTANCE. L IPU ID Of t SOL ID , N .O . S .
ORM-EIF MATERIAL OH F IFE os INVOLVED IN F IRE :
* EXT INGUISH USING SUITABLE MATERIAL TO SURROUND F IPE

IF MATERIAL IS NOT ON FIPE AM? 13 MOT INVOLVED IN FISE:
* KEEP HAT£P!r'.L OUT OF WATER SOURCES AND SEWSRS
* 5U I LD ^ I f E ? TO C'7«TAIW F L O W AS NECESSARY

[•fV/GErt S ITL ' r tT IOW PF7TECT ION :U F U I N D
PCOT5 . FpnTcr r IMc rr_n ; ;E:, ^^r, GA3 T IGHT GOGGLES

> AVOID PPEATHING VArOPS nf f-'JST* 'JASH (au^r A.-^r MATE? IAL WHICH M^Y HAVE CONTACTCD THEBODY WITH COPIOUS AIOWS OF WATER OR SOAP AND UATER
, . , , f , r r, f • T^t-i.' v j r i Lu

A. DIG P IT , FC'-T TO HC1D M A T E R I A L
* CCVEF !OLi :3 WITH -' , PLASTIC SHEET TO PREVENT DISSOLVING

IN Rf t l . ' J OR F I R E F U H T r M G WATER
WATER SP I LL

* I F D I S S O L V E ? . A P P L Y M O T I V A T E D C A P F O N AT 10 I IMCS SP ILLED
AMOUNT AT 10 FPH CP GF .EATEP C O N C E N T R A T I O N

* REMOVE T rA r r ED MATERIAL UITH SUCTION HOSES
A USE h F C M A ^ I O A L [ ' f ^DGEa OF L IFTS TO REMOVE IMhQPILI " : ' MASSES

OF POLLUT ION ^Np F P E C I P I T A T E S
i^iJ,^

r'OLL'Ji"^ :NFOFMATIO^ Fr-cM DEFAPTMENT OF TRANSPORTATICN/U.S . COAST GUARD
• C H E r l C A L R E S P O N S E INFOP M ATICN SYSTEM ' , REGARDING WATER SP ILLS :

± SK IM ' r U f F A C E 1 L I C 1 ,
* USE M E C H A N I C A L DPEr r ; E3 OF L IFTS TO REMOVE IMMOBIL IZED HISSES

CF P O L L U T I O N AND F P E C I P I T A T E 9
A H IGHLY VOLAT I L E , A V O I D I NHALAT ION , VAPORS OR DUST ARE IRR ITAT ING Of t

"•py jr
^ S U B S T A N C E S l S r ' S IN UATEn

I
I
I

TH IS r lATEP IAL L I3TE 1 1 AO ̂ --.-[ .C'. 'S SUBSTANCE . AS DEF INED IN SECT ION
i Q K 1 4 > OF THE COMPRE - ' E : ^ ! ' . 'E ENV IRONMENTAL R E S P O N S E , C O M P E N S T A T I O N , AND
L I A P ' L I T / ACT - . C E S C L A i OF 1 C 9 0 , rURSUANT TO ONE Of t MOPE OF THE
FOLLOWING :

* FEDERAL UATER POLLUT ION CONTROL ACT ( F U P C A > SECTION 3 1 1 ( 1 0 C) (A)
A SOL IP WASTE D I SPOSAL ACT SECT ION 3001
* CLEAN 'JATES ACT - : ' J A ^ C-ECT tON 3C- * ' (A )
A C L E A N T ION

A C C M r F i ; ENS IV E EN'." f t l ' 1 ' " ' ' ' ' ' :A!
ACT ' - r - p C ' . A i * " " "
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FLr- cE C:' ; :A« :';.*•::: :L ^ : ' - : I J I IN CLOSED CGNTA T T- FOR ST : ?AGE UNTIL
9 IF CL: :H ING i s T: rz (_"""Tftr'. INCCPH PERSON FESFORMING OPERATION OF

CONTAMINANT ' S HAr .Af ' jO 'JS P R O P E R T I E S

0 GOGGLES
PRE' . 'E -JT ANY P O S S I B I L I T Y CF EYE C^'TACT

A MASHING CHEMICV. ' ; F?-TM THF " : ' IM
AT THE END CF E.-':CH . -G? f Sri [FT WHEN THESE 13 ^C-ONA&LE PROBABIL ITY OF

CONTACT WITH THE r " rJE'3T. " 'JCE

ROUT INE C ' - ' A ^G r . - l Cr 'JTT- : ' CL :M :NG
A C T p D Un t i - CL , TFTM t * 4 H 4 . w j , , . t _ , t ^ . x•

r i DTH f ^G cCM.T ' i i C . -T • -ij:*;", * r r 'pOITAL rON r AM "MiTTn i l lVy 4j Li 1 • I j> J t*_ i — « L» i . U U v . ^ ' v k . w - w . L f c j H ^ 4 . M | _ , L _ * U l * i . r 1 i * * J . i f - i . - - ^ - f

I F IT 15 CC 1 *.-'".

F' fE-w-S ' - f F C ' . l - T ' - ! N ' . - I'-'"1- 'M ^E ' ' I ^TE yQF.K AREA ^ u tPE EMPl ' lTES ' ' EYES " I f
t t &E EXfOSi l 1 TO S'JJ^T^N- 'C!

Q U I C K D R E N ' C ' J I " - ! ? • ' 1 L I T I E C ' . ' I TH IN IMMED IATE 1JCRK AREA U'- 'E ' ^E EMPLOYEE ;
MAf DE EXF J'^I 1 TC S ' . : - . '7 • ' • ' • CE

• EAT ING AND c . " .- ' ";G r ! -C"L ; 1JOT tE PERMITTED IN I^niilATE '-iuEK AREA

® .-f- . - ' i . ^ - rof c - : : r : : : " " ::'-"-"j L :K I I CLV IC^ PEKM:T : :P

^ - C H E M I C A L ' I ' ^ T f l l j E "Cr ' . ' r ' -TO! 1 .
W I T H A N " " • • A M " ' . ' ' - - C P C'4IF 'J [ ^ ;L
' , ! TTU f\ r *" ,^ i . i " 1 i i - C T F T ~ T p M r v F f I T&- ^ 1 , 1 . ' T * . * * . . — - i l i ' ^ i . t . i TU i L L L * k I L E \

•
, , - , , _ . , , , _~ ^' r L ; E •. '--'- r' . L ~ * , -V I** - - . b - . * . i . - i

* 1 0 M r. •" i

i- jn- j AN :?o . v - : : " . -•- C ^MSTCP
'J IT^ A F'.^E OP ^ ! 1 M - E F F I C I E N C Y F ILTER
U ITH A TILL F A C E - P I E C E

- G"S MACK
uJ lTH AM : ? f 3 A N I - C '. 'AM'F C A N I S T E R 1

( C H I N - ? T ' : L E O F FF : j ' ' T - O F E A C ^ ' - H Q U N T E D C A N I S T E R ^
U ITH A f 'LL t- ' • • : £ r t E ~E
U I T M A F'.^E OF M I ^ ' - r FF IC IE ^ 'CY FILTER

- T U P r L I E D - ^ l R P L C P T F ' - T ' . R
WITH A FULL F . - ' . E - F lECI I . MELMENT , OP HOOD

- SELF-CONTAIN ! : : ! IF-f i . 'T in 'T, AU ITH A PL-LL F A T E - P I E C E

4 t - INUOUS-FLOU
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36 Handbook of Toxic and Hazardous Chemicals and Carcinogens

DOT Designation; Nonflammable gat.
Potential Exposures: Argon is used as an inert gas shield in arc welding;

It is used to fill electric lamps. It is used as a blanketing agent in metals re-fining (especially titanium and zirconium).
Permissible Exposure Limits in Air: Th^re is no Federal standard. ACGIHHsts argon 35 a simple asphyxiant with no specified TLV.
Permissible Concentration in Water: No criteria set.
Route* of Entry: Inhalation and possibly skin contact with liquid argon.
Harmful Effects and Symptoms: The gas is a :impie asphyxiant as notedabove. T^e l iquid can cause frostbite.
Disposal Method Suggested: Vent to atrnosDhere.

Reference-..
n) Sax. \ i . Ed . . Dangerous Properties of Industrial Material* Report, f, No. 5, 36-37,

New 'ark. Van Nostrand Remnofd Co. t l 93D .

ARSENIC AND ARSENIC COMPOUNDS
« Carcinogen ( IARC) ( 1 1 )
* Hazardous substances (Some compounds, FPA)

Arsenic compounds classified by ERA as hazardous substances
are . arsenic disulfide, arsenic pentoxide, arsenic trichloride,
arsenic trioxide and arsenic tfisuifide. Also the EPA has is-
sued rebuttable presumptions against registration (RPAR ' s )
for seweraf arsenic-containing pesticides as follows; arsenic
acid, cacodylic acid, cafciurn arsenate, DSMA. lead arsenate,MSMA and sodium arsemte.

* Ha^araous waste constituents (ERA)
* Pr ior i ty toxic pollutant (EPA)
Description: As, elemental arsenic, occurs to a hmitsd extent in nature as

a steel-gray metal that is insoluble in water. Arsenic in this discussion includes
the element and an\> of its inorganic compounds excluding arsine. Arsenic tr i-
oxide (As jQ j ) , the principal form in which the element is used, is frequently
designated as arsenic, whsre arsenic, or arsenous oxide. Arsenic is present as
an impurity in many other metal ores and is general ly produced as arsenic
trioxide as a by-product in the smelting of these ores, particularly copper. Mostother arsenic compounds are produced from the trioxide

Code Numbers: (Element) CAS 7440-38-2 RTECS CG0525000 UN 1558
Typa of Compound/Label Designation: Poison.
Synonyms: None.
Potential Exposure: Arsenic compounds have a variety of uses. Arsenates

and arsenites are used in agriculture as insecticides, herbicides, larvicidrs, and
pesticides. Arsenic trichloride is used primarily in the manufacture of pharm-
aceuticals. Other arsenic compounds are used in pigment production, the manu-
facture of glass as a bronzing or decolorizing agent, the manufacture of opal
glass and enamels, textile printing, tanning, taxidermy, and antifouling paints.
They are also used to control sludge formation in lubricating oils. Metallic
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arsenic is used as an alloying agent to harden lead shot and in lead-base bearing
materials. It is also alloyed with copper to improve its toughness and corrosion
resistance.

EPA estimates that more than 6 million people living within 12 miles of
major sources—copper, zinc, and lead smelters—may oe exposed to 10 times the
average U.S. atmospheric levels of arsenic. The agency says that 40,000 people
living near some copper smelters may be exposed to 100 times the national
atmospheric average.

Permissible Exposure Limits in Air: The Federal standard for arsenic and its
compounds was previously 0.5 mg/m3 of air as As. In 1973, NIOSH proposed
(1) the lower recommended standard of 0,05 mg As/m3 of air determined as a
time-weighted average (TWA) exposure for up to a 10-hour workday, 40-hour
workweek. Then, m November 1975 , OSHA proposed a workplace exposure
limi; for inorganic arsenic at 4 jig/m3 (8-hour, TWA). The economic impact of
such a standard has been assessed (2) . The previous standard of BOO ng/m3

for all forms of arsenic would remain in effect only for organic forms.
A 1975 NIOSH document (3) proposed that inorganic arsenic be controlled

so tfiat no worker is exposed to a concentration of arsenic in excess of 0.002
mg-m3 (2.0 £ig) as determined by a 15-minute sampling period. Finally in 1978
a standard was promulgated (4) which limits occupational exposure to inorganic
arsenic to lO^g 'm3 {^g/rrv3 of air) based on an 8-hour time-weighted average.

The ACGIH ( 1983/84) TWA vaiue for arsenic and soluble compounds (as
Asi .: 0.2 mg/m3 . Arsen ic tr iox ide production is categorized 33 "suspect of ca r -
cmcnsnic potent ia* for man. ' ' As a f irst step toward requiring industr ia l emis-
sion of inorganic arsen ic , EPA has listed the substance as a hazardous air pot-
luta-:, as defined ^nder the Clean Air Act and the agency's proposed airborne
care nogen policy.

Determination in Air: Collect ion on a f i l ter and analysis by atomic absorp-
tion spectrometry ;A - 1 ) . See also (A- 10 ) .

Permissible Concentration in Water: To protect freshwater aquatic life—
tota; recoverable tnvalent inorganic arsenic never to exceed 440 ̂ g/£. To protect
saltwater aquatic ! !fe-508 yg;£ on an acute basis. To protect human health-
preferably zero. A value of 0.02 ng/9, corresponds to a human health r;sk of 1 in
100,000. EPA has established a maximum arsenic level of 0.05 mg/C. This does
not address carcincosnic ity and is under review.

Aiiowaoie arsenic levels m drink ing water have also been set ar follows
I A - 6 5 J :

Sou in Afr i can Bureau of Standards
rtona Health Organization
Federal Reouolic of Germany U97SI

0.05
0.04 nig/ £

Determination in Water: Total arsenic may be determined by digestion fol-
lowed by s i lver diethyldithiocarbamate; an alternative is atomic absorption;
another is inductively coupled plasma ( !CP) optical emission spectrometry.

Routes of Entry: Inhalation and ingestion of dust and fumes.
Harmful Effects and Symptoms: Local — Trivalent arsenic compounds

are corrosive to the jkin. Brief contact has no effect, but prolonged contact
results in a local hyperemia and later vesicular or pustular eruption. The moist
mucous membranes are most sensitive to the irritant action. Conjunctiva, moist
and macerated areas of the skin, eyelids, the angles of the ears, nose, mouth,
and respiratory mucosa are also vulnerable to the irritant effects. The wrists

JOcc
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38 Handbook of Toxic and Hazardous Chemicals and Carcinogens

are common sites of dermatitis, as are the genttalfa if personal hygiene is poor.
Perforations of the nasal seotum may occur. Arwnic trioxide and pentoxide
are capable of producing s, .> sensitization nd contact dermatitis. Arsenic *
also capable of producing k«ratoses, especially of the palms and soles. Arsenichas been cited as i cause of $fctn cancer, but trie incidence if low.

Systemic - The acutt toxic effects of arsenic art generally seen following in-
gestion of inorganic arsenical compounds. This rarely occurs in a.: industrial
setting. Symptoms develop within '4 to 4 hours following ingest'on ar.d are
usually characterized by constriction of the throat followed by dvsphagia.
epigastr,~ oain. vomiting, and watery diarrhea. Blood may apoear m vomitus
and ttoois. If the amount ingested is sufficiently high, shock may deveiop due
to severe fluid toss, and death may ensue in 24 hours. If the acute effects are
survived, exfoliative dermativs and peripheral neuritis may develop.

Cases of acute arsenical poisoning due to inhalation are exceedingly rare ;n
industry. When it do#s occur, respiratory tract symptoms -cough, che..t pam,
dvipnea-qiddmess, headache, and extreme general weakness precede gzstro-
ntestmal wmptorm. The acute toxic symptoms of trvaient arsenical potson-
ng are du« to severe inflammation of the mucous membranes and greatly in-
creased Derm*ability of the blood capillaries.

Chronic arsenical poisoning due to ingest ion is rare and generally confined
to patients taking prescribed medications. However, it can oe a concomitant
of inhaled inorganic arsenic from swallowed sputum and improper eating habits.
Syrrptoms are weight loss, nausea and diarrhea alternating with constipation,
pigmentation and eruption of the skin, loss of hair, and peripheral neurit-s.
Chron-c hepatit is and ctrrfiosis have been described. Potyneuntis may be trie
salient feature, but more freouently there are numbness and paresthesias of
"glove and stocking' distribution. The skin lesions are usually melanotic and
keratotic and may occasionally take the form of an mtradermal cancer of the
SQuamous ceil type, but without infiltrative properties. Horizontal white lines
' s tr iat ions j on ;he fingernails and toenails are commonly seen m chronic arwn-
.cat poisoning and are considered to be a diagnostic accompaniment of arsenical
oolyneuntis.

Inhalation of inorganic arsenic compounds is the most common cause of
chronic pciiontng in the industrial situation. This condition is divided into three
ceases t>ased on signs and symptoms.

First Phase: The worker complains of weakness, ioss of appet'te. some
nausea, occasional vomiting, a sense of heaviness in the stomach, and some
diarrhea.

Second Phase: The worker complains of conjunctivitis, and a catarrhal
state of the mucous membranes of the nose, larynx, and respiratory passages.
Coryza, hoarseness, and mild tracheobroncnitis may occur. Perforation of the
nasal septum is common, and is prooably the most typical lesion of the upper
respiratory tract in occupational exposure to arsenical dust. Skin lesions, ec
zematoid and allergic in type, are common.

Third Phase: The worker complains of symptoms of peripheral neuritis,
initially of hands and feet, wnich is essentially sensory. In more severe cases,
motor paralyses occur; the first muscles affected are usually the toe extensors
and the peronei. In only the most severe cases will paralysis of flexor muscles
of the feet or of the extensor muscles of hand* occur.

Liver damage from chronic arsenical poisoning is stiil debated, and as yet the
question is unanswered. In cases of chronic and acute arssnicai poisoning, toxic
effects to the myocardium have been reported based on EKG changes. These
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findings, however, am now largely discounted and the EKG changes are ascribed
to electrolyte disturbances concomitant with arscnicatism. Inhalation of arsenic
trtoxid* and other inorganic arsenical dusts does not give rise to radiological
evidence of pneumoconiosis. Arsenic does haw a depressant effect upon thebone marrow, with disturbances of both erythropotesis and mytiopoiesis. Evi-
dence is now available incriminating arsenic compounds as a cause of lung
cancer as well as skin cancer.

Skin cancer in humans is causally associated with exposure to inorganic
arsenic compounds in drugs, drinking water and the occupational environment.
The r i sk of lung cancer was increased 4 to 12 times in certain smelter workers
who mhaled high levels of arsenic trioxide. However, the influence of other
constituents of tr-e working environment cannot be excluded in these studies.
Case recocts nave suggested an association between exposure to arsenic com-
pounds and blood dyscrasias and liver tumours ( 1 4 J .

Points of Attack: Skin, eves, respiratory system.
Medical Surveillance: In preemployment physical examinations, particular

attention snouid be given to allergic and chrome skin lesions, eye disease, pso-
riasis, cnromc eczematous dermatitis, hvperpigmentation of skin, keratosis
and wans, baseline weight, baseline blood and hemoglobin count, and baseline
urinary arsenic determinations. !n annual examinations, the worker's general
health weight, and skin condition should be checked, and* the worker ooscrved
for any evidence of excess ive exposure or absorption of arsenic. Chest x-rays
and lung function snould be evaluated; analysis of urine, hair, or nails for arsenic
should oe made every 60 days as long as exposure continues. See also reference

Ftrst Aid: legate eyes with water. Wash contaminated areas of body with
soap anc water .

Personal Protective Methods: Workers snouid be trained m persona! hygiene
and sanitation, the use of personal protective equipment, and early recogni-
tion of symptoms of absorption, skin contact irr i tat ion, and sensit ivity, With
the exception of arsine and arsenic trichloride, the compounds of arsenic do
not have odor or warning qualities. In case of emergency or areas of high dust
or soray mist, workers ihcuia wear respirators that are supplied-air or self-
contained pos'twe-pressure type with fullface mask. Where concentrations
are less :*tan 100 t standard, workers may be able to use halfmask respirators
with rep;aceab'e dust or fume filters. Protective clothing, gloves, goggles and a
hood for head and neck should be provided. When liquids are processed, im-
pervious clothing snouid be supplied. Clean work clothes should be supplied
daily and the workers should shower prior to changing to street ciothes.

Respirator Selection: See reference ID.
Disposal Method Suggested (A-31 ) : Arsenic—elemental arsenic wastes should

be placed in long-term storage or returned to suppliers or manufacturers for
reprocessing. Arsenic pentaselentde—wastes should be placed in long-term
storage or returned to suppliers or manufacturers for reprocessing. Arsenic
trichionoe—hydrolyze to arsenic trioxide utilizing scrubbers for hydrogen
chloride abatement. The trioxide may th«n be placed in long-term storage.
Arsenic tnoxide—long-term storage in large siftproof and weatherproof silos.
Th'S compound may also be dissolved, precipitated as the sulfide and returned to
the suppliers (A-38) .

GO<HGO**•«<*vCc
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13)

(4)
(5)
(6)

(8)
(9)

no:
( 1 1 1
( 1 2 )
( 1 3 )

( 1 5 )
( 1 6 )
( 1 7 )
( 18 )
' 19)
(20)
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Sax, N . I . , Ed . , Dangerous Properties of Industrial Materials Report, 2. No. 3, 56-63,

New York , Van Nostrand Rei«hoid Co. I 1 982 1 . (Arsen ic Ac id , Arsenic Pentoxide,Arsenic Tnbromide).
See Reference IA-62) , Also Reference (A-€<t! .
See Reference (A-60) for Arsenic Trichloride and Arscn;c Tnoxide.
Ledcrer, W.H , and Fensterneim, R.J . , Arsenic: Industrial, Biomedical and fnviron-
mental Pet spectives. New York , Van Nostrand Remhoid Co. ( 1 983 ) .

Sax, N . I . , £ci., Dangerous Properties of Industrial Materials Report, 3. No. 5, 44-50,
New York , Van Nostrand Remhold Co. ( 1983) . (Arse^r: Sulf ide) .

Sax , N . I . , £d . . Dangerous Properties of Industrial Materials fteoort, 3. No. 5. 50-58.
New York, Van Nostrand Re (nn0id Co, 1 1 9 0 3 ) . (Arsemc Tnoxide) .

Paf-ncggiani. L., Ed., Encyclopedia of Occupational Hesitfi & Safety Third Edit ion,
Vof . t , 3 p 179- 182 , Geneva, International Labour Off i c e M983 ) .

Ontted Nations Environment Programme, fftPTC Legal File J583, Vol . /, pp V I I / 5 Q -
55, Geneva, Switzerland. International Register of Potentially Toxic Chemicals( 1984) .

ARSINE
Description: AsH ) ( arsine, is a colorless gas with a slight garlicl ike odor

which cannot be considered a suitable warning property in concentrations be-low 1 ppm.
. Coda Numbers: CAS 7784-42-1 RTECS CG6475000 UN 2188

DOT Designation: Poison gas and flammable gas.
Synonyms: Hydrogen arsenida, arseniuretted hydrogen, arsenic trihydride.
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BENOMYL

be

for ! * < s ungtoae .and

e -s ^" "OOOO ^a ' *2 THe
'aoDit .s > <noOQ ms;'k.g
smn or ten mate uinea

TIV. 10
STEI. IS mg/mj

flenomv/ <s a
cu'jr wcrpftt a/ 290 J*. /i decomposes »»rf»ou( metdtne and

negligible vaoor pressure. mdicatme exoosure would
oamcufate iorm Verv iliehtfv soluble in wjrer " M
»n *Wene acetone, aim&nvitormamtde and cnloro-
fiuorometnc ana co/onmefffC- and Imuid chromj-1 procedures tor aetefmtnine residues of bcno-

rr.vi nave been oubiithea
Benomvi is the common

ascancide
"he acu'e oral LOv <OT tf"

aci/e s * . n absorption iQ^ tor '
Ace i . ca i i on to the shaveo
p.es at eacn (eve* as aauea'-s suspensions conta*nir^ 5
125 jna 25% henomvi as the acr .ve .ng-ea^nt in a 50%
we"anie oc^ae'. 'esui'eo if ^ e iZN^ iOJe . rn 'anon One o?
te." guinea Digs nao ir.ua e^t^ema two cavs a'ter aocitca-
ttof l a! the ft igr* ra r e Al l guinea D-IZS at (ne two lower rates
ana n 3 controt show-ed no irraahon alter i\^,o oavs iJ1 In
s : , ; a : i on into tre eves o» raob' ' s or ̂  n~g or crv 50% pow-

c' 0 T mL ot 10% susocns'O^ in mmerai o<( caused oniv
miid coniuncttvai irriradon '"' The acute 'nhaU-

iCa '* >2000 me/rr- i (> ; mg/L i 'or ra i t ' i and is
to >825 mg mJ (> 0625 TISJ/I . ) for cog1" tor

exposures His to ioefCj i iv there was reduction ot
ac i iv i iv m some an.mais With regard to th < s

act v . r v . no-e"ect levels 'or oenomvf for tour-hour expo-
sure* are eouivaient to > 100 < 4TQ mg m* < > 0 1 <0 -n
m^ L, tor ff.e ra i and > ]^5 <825 rn?/mM> 0 ->25 <0825
ma :< ;or me cjog Adatdonjiiw fitieen tour-r-our inhala-
t i cr- e 'pos^-e-s a t Ihepgusva ipn i 01 lOOr r ^/m ' (01 mg ^D
ot ser*oT)w o-er a ppriort of tnrep weeks produced no c lm-
ica; c r h i s topd ino iod i c ina i ca i . - j " or accumulat ive enecis
in tne rat •"

•*. IQW orcer oi lox'otv nas been louna m chronic stud-
ies if» two-vear iee<j .n(( studies no-etrect levels *n the diet
arc ..500 ppm (0 25R . , | ior ra is i^ ignest levei 'eel) ana 500

de

CONH'CH i (CH,

(OOS°oJ tor cogs Pesticide residue tolerances nave
been eMabdsneo in manv rood croos Thev are a* high as
15 pom tor stone tru'fs and food additive- tolerances are as
high as 50 pom 'or ra i s im ' 1 ' In a true«. generation rat re-
proouction studv no comoound-reiated reocoduciion-or
lactation airte^ences were ooservea jTiong cortrol ana
test grouos even at 2500 npm (025%J :ne h.gnest dietarv
level tea in a icratogenic studv m rat renhef tne outcome
of oreenancv nor emorvonal deveioomeni v\as attecteo
even ai 5000 ppm (0 50%1. the n ignest c eta^v level 'ed fn a
dominant lethal mutagenic studv m ;re rdi. r,enomvi
not mu iagen i c at ^500 ppm iO ^5%) . tre " t-ghes t dietar\
ei tea '"

Gardner er a/61 snov\ea that rat and oog
>****} 0' s ing le , orai doses of 2- ' JC be f tomv! \.a ihe urine
and leces wt ihm "1 hours. The maior n~etaoome was me-
thyi 5-rwaroxv-2-benzimidazoie-carbamaie wnich was
present 'n the urine as giucuronide ana. or suuate coniu-
gates Residue data on dog and rat nssues irom two-vear
ch ron . c feeding stuoies demonstrated f^a i Denomvi and > ;s
meuDoiites do not accumulate "m anjr^i, t i s sues

in view oi the IGW order ot acute and chronic toxit'tv
the ~L\ o* 10 mg. m 1 and the STf l ot 15 mg/m» appear

References:
1. E.I. du Ponl dtr Nemours & Co., Inc.; Tcc f"" 'Cai d jta sneei (fu"e

2, Pt?a«. H.L. Moll. B.F.: ) 4sso<r On /c Anj> Cbe
W6, I399-1J02 P9"!l

1 KirkUnd. |.|.. Hott. R.f- Pcaie. H.L. , -»gr food Che

4. t.l. du Pont de Ntmours & Co.. Inc.: Lnou
5. Shemuri. H., Culik, B.. (action, R.A.: Tot -\oo>

US ( 1975)
6. Cirdtntr. |<A., KtrkUnd, |.|., Kloppmg H . L : / *gr food

4 1 9 - 4 2 7 ( 19 *4 )

8ENZEME

TIV, 10 ppm ( % JO mg/m j), Appendu A2 — Suspected
O'cmogen
STEL. 25 ppm < ^ 75 mg/m j). Appendix A2

>* J co^or/ess. non-oolar hauid, wuh jn odor
ot arom<tnc hvdrocjrnons H has a molecular

weient Ot -?8 M j Uothnt! point QI 80. 1* C. J m&tinff point
ot 5 5* C. d va/3o*" prpiture o/ "5 mm H^ jr ^0° C ano1 a

gra\)tv o' 05"565 a' frie same remoerjrure Ben-
zene has a /tesAi pom/ o/ - U. ? * C (closed cue. ?2* F), mj* -
mg it a dangerous nre hazard '! WJS tome-tv derived ai-
mosf exclusively bv d i s t i l l a t i o n ot coat tar. Out now- comes
primarily trom petroleum, either bv e\trucr/on or £>v dea** •
yta.'ion ot toluene Benzene /j tiightiv >o'uo/e >n water out

in alt proportions in jiconol. acetone and etner.
Ai one hme benzene was an importar-t bolveni . espe-

for rubber, as a diluent in lacQuer* ana tn pjmf rem-
overs. Ar preseni such uses are rninir-^i T.OSI benzene is
consumed in ihe chemical mdust.v, Js » taw material 'or
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'race dTir:-_rns •;.; a*

•<• 'u those of
•c r^jn '-• j ikanp^ or n
gwi thf e'

T^ct ot c*vomc
•ar tn*> mo*i sencLiS d

solvent*
-n aeiectiDie

n^rrna The
HIS 'S 38 "-nL'ks - '

tt is ufl'Hue among
More l rJ~ 'Jfi Ural
rfxordPM rr'ior ro »959

i-v re* ween ;->

• -, 'cure - Ko iO'mp
.l~-> conce-rascn in

croauces ^arco i i r t*
• •* a mo'e core"! r.

* * or s .mna ' foi l ing p
.."* to t r - * comr>ouna

c a_=-"j nv anv ot 'n<?
acne*" --n tn*» oore marrow

. ^ort tn some
iDv ora:U >n voung

oo** a* a mveiotoxtc<irt
Of r;*"vo"*» DO' son i n g nad n*?
W a-i jnd $a > ' a i 4 '

p to
Most o'eams tfom
'ei o' '-e oraer or 200

v\pre

a-.e ' -esi _ ' :ed ^ro
—ere in d IP\\ .nsrant_e%

_jX' op^ ^J^P neen 'oc .; n: rr < > 'sof ? :{•*=*
are Lee s? " ^10 :o (050 com C-'p
scrr v\ . : - ; ov^r r^i aoove JX So'-

o^e •"jup'TMa i_as*? ^PSC" .
" "Q io '>&/)I(Tj 'o JCO*

-5 "O 1OOC Dpm -n r ( j ^ ' '?orpj Mp"^pr

 ; ' T- i i ' T,
S^. a"" - -*3 -33 and -I",

.2 a-" " '^.) io rvx) ̂ c r
j '*? rour .ea^s ci"?a'n (ro^ >f jK"— a ' _ zvv d» " 3* 'o '5^
--— AK . . - . . "• • 150 'o * >5G Dpf1" i j-o I'D to rj-iO per. •=• 2'J
^j i .ent* ,\'Ti acuie (eu^e^ia or Dr "fc auo CD^ r dea:ns. ail femaies r.

;\ ,ns . <.,.•- '" ' ^owever reoonec c.
e (s wne'c ^ once^ : rat i cns or &pf-2?" * > vaoo ' ht-'ow 100 DO^
-ve^e 'ounc Hemann and fore * 'ouna one death a"d
r--pp ca^es v\ t ( h oiood changes A - P ^ O a > r O I ^KS I * : o r p »^-
i?~e ^ nc .v *?a .1 ro ^ c en r ra i i o n •'/ '05 com ,\i i?or» ' *

r i r t j-
o^rp'j t - - e e ' ju. L( ise^ in d oid" .•-r-e

re tre dvp 'aae co-^
no

'awes '
w > i n

po 3 nom xj -a- a-- c a r t r,c O<-" '---T- .«
3^'-'rl c c " 'CC'Va: o" f r upn;e rf- . ^Su
'aiai case <y ' oen^enp i n to * i c o t > o r >a^e io
vis the iO com rpponed bv Ha r r ; * anc £ i » ; n s <n 19-18 •" '
j T'a~i .\np'i- 'ecejieo jir anai^s*--, .sere maoe and a nu
HP* O' O'hp' worker s showed Sun-o DIOOO 30^'

Bianev^ 1 touno i - t i t p ev idence ^r cen^e""
about l i vears Concen t ra t i on s wf if aenfa i 1 * low but ur-
nan, pnenoi measu'emenis ind ica iPd some exposures ot
the order 01 ^5 p pm - - 1 1 A i r jMo .\up several years 'ater
snnwed no evidence of ptfrs i i imj j blood Ovsc ra s -a s . ^o
cases ot leukemia are known \-> n^ve occurrf-o ". this
grouo ot workers Pagnoito ei a, 4l tounfl workers m rub-
be? soreaa'ng oper j i .nns tnvc in '- .g naontna wuh a re *a-

;n tjcn^ene conient CHDO^PO to benzene m con
ns wmch w*"p 'Qt ihe rnns: part betwf *»n b and 25

ppm A nur^nff o' t j ioot j s t ud i e s ".fiowed a tew abnormal i-
t ies riui oniv two wpff NPIOUI to warran t special cons ider-
at ion m one case 'he poss ib i l i iv ot leukemia wa4 raised
but on bcini? removed from his mo and given iron fheraov
38

exposure
Thp

Sor JwiP Of
u^a not ne fe
was ;n a cr

: QH

ne-ow

o1

cie

Of u:d

f ojn: n«?low i our mn i ron a
grams jnd suiierefl fom nuse bleeds HPS
sure a> eshrnaied 'rom «-Pveral urman. pnenol
'ions ^\a> to aDoui *) Dpm Aner his exoosure *o oe-.'-^no
was terminated- his bfood D'Ciure eraduai tv re'ur^pa ic
normal Trip jfl workers »n :nis ofjnr were (otiow^o uo >O'
15 vears at ler (he use or napntna tonfa^n^g ben^e-^e .vas

Sone snowed anv signs or oprmanent mood
nes There wtre ;nree dea;~^. "one bema
ii v\as concluded that 25 corn o- n

'i sate rnr most workers, but 'nar s^-re "*-e
is srriai i i TLV ot 10 pom was
a summjrv or 'he rmo/nes m me
name to a sm^-ar conclusion

These concfus icns were
fuch s 1- ' 1 >n 1%9. wno tound v a r i a t i o n s .
tures or tnree workers but did -.-••o: cc

we^e proved ro resu l t Tort ' r - e :
19 28 and 43 ocm re^r;ec : '\*?-v «

tie couid nnd no oata in tnp r : f e r a ; u r e on
DOiSon i nn -n concpntradons CeiOw ~.h f^
find an* So\..et report whicn cited reasons ;or
the f ius i idn MAC :o •> ppr"

Two invt-sneaiors have studied "-.e e t ' p c t s on -a t s o:
exposure: at reidtiN.eiv :«tw leve's ot r;en;ene \aoor exvc-
ed pe^ods Detc^Tiann er d/ 1-'8 ' 'o^r.c T.ar j r r e ' 5 po d

or 5 nou r - d av . 5 davs- 'week efco > j t e at JJ a-n -i*
ra t s devoooed a moderate aeg-ee o: leuxooen id bu f

t ha t none resu l ted from 15 to 31 ppm NJJ ef j-"-" founo a
decrease <n the white blood cetf counts c' 'ats rofow^ra
?56 riours ot exposure at 50 ppm or cenze^e on a sc^ea^e
of 8 hour s/dav . 5 davs week Reaucea amo jnr s or D\ * n
the wh i t e ce t i s . a depress ion m rnv e ; o c * t : c a c t . v i t v and an
i n c r ea s e m the re ia t^e numoer^ ot fee c e ^ i D rec^ ' s c f s .n
the none marrow \\ere also oo-.e^t'C

There n^ve Depn numerous 'PV IPW.S o* :PP " 'e 'a '^ ' ° ot
tje"zeie i o t o » 'C d t i o n \oie-Aomv a'e 'r iose o' 'f~e '^a
tionji *cadnn-iv or Sc ences -n !?~6 ~' ann the ^ 'OSM
c r : ' p r a documpni on opn^e^P ouDns^ e r 1 in l^"^ -' »s a
resu i ! 01 ih i s extrp 'T^iv t no rOuen rpv i evv MQSH ' •eccm-
menoed a workplace t ime weighted a. erase s iandard ot 10
ppm. w i th a ceihns; ot 25 porn

in 19"*) however \IQSH .-sued a re~ «•?'.! recommppda-
t!on 'or an occupat iona l evposurp standard tor oen/ene " ; i

The k.ev to th i s recommendation is ;he s ta i emen t m ihe
introducifon that 'Because it <s nor jf orpsenr oosS'b'e fo

J sjfe evoofurp If^fi tor j cjrc/nogen. me \fO5H
n <s ro restnct exposure to KTV /oiv levp' i

w/iicn tJn ?fi" i;e reliaoiy measured in ;nc \\orkouce A
numoer ot references arc R IVPO , primarily to support ;he
r haracierization ot b&n/ene as a cjrcmojjcn Ueukemo^en)
Thus most relat? to leukemia cases aiSoci«tea wi th nejw
benzene yxposufes. either measured or inferred from asso-
ciation with numerous cases 01 ao^M't jnemia or otnef
blood Ovscr js ias Others are epiderrnoioRic i iud^e^ on can-
cer m which no evidence ot the nearpe. or Pven (act 01
benzene exoo^ure >•> cited Thus in at 'east two 01
papers. " >*• the word 'benzene does not dooejr in
and other papers the incidence or various ivoes ot cancer
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$ leukemia was tound ro be nigne' man m :• * *
popuianon amcns (.enam groups or ruobe' wof«

»-rs Monson <3no Nakano 1 ' * ' 'ouno 53 cases O' !eu*em«a vs
4J expected, among ruDber woncers if was no'ffd mat be*'1-
/t?ne nas been used extensiveiv in me ruober <ndusirv but
is no lonaer emotoved aithougn it is a contaminant ot e*-
ipnsive'v used naphtha solvents The degree o' exposure '0
benzene <n the rubber industry ourmg the nrst hail 01 ̂ f
19-10-1950 decade mav well nave oeen excess ive Wilson 1--"
has nored deaths and nlood abnormaut.es dmonsj workers
m ihe rubber industry during the war vears who wen* e*-
posed on me average. ;o concentration* 01 benzene vapor
of 100 p0m Npith*>c vtonson-Sakano o' other authors ot
simitar papers quoted m the MOSH upoaie mention
whemer or not apiasnc anemia or orher Diood dvscrasus
apart trom leukemia, occurred m (he groups ot workers
;hst were sfudiea

Nevertheless O5H *, ,n l9"/~ issued an Emergency Terr*-
porarv Standard ( ETS ) ' * 1 establ i sh ing a T\VA i tmn 01 1 pp™
?o' benzene vaoor [Enforcement ot tfm standard was void-
ed bv the courts) Much 01 the evidence substant iat ing [ fvs
act ion was the same as mat ouoteo m the MOSh update
Howpve' one aadihonat paper was c . t ed bv i n f a n t e e'
j / n " ' m which nme ieuKemia aeams were reooned rronr*
two rubber Him cas tmg D'anis wficre oenzene vaoor cor-
cen ! fa i tons a i tegeo iv tanaea irom 0 "o '5 com This reoon
•^as cn ifca i iv e«ammea >n OSH-v hearings on a permaneni

rh e s s enna i i v the same cro^ ivons as me £T5
were* neid during me summer oi 19'~ The data o"

exposure m ii-.e '.vo plants «n Ques t i on , especial
during me t irs i pari ot the fen vear emoiovmem pcnod
1>|JO to 1950) covered D. me stuav were round to be m-
cornoiete, unre'iaoie dno contradiciorv- Even m 19*6 a
MOSH reoort or one or me pianis mvoived, or its succes-
sor snowed concentra i .ons in excess ot 15 com a! severe:
;oca ; iOns" f l l A siudv bv Harr i s ef a.' 1- 1 ' 1 >n 1973 and 19"-*
revealed s im i l a r f i nd i ng s , aithougn rne overal l average 01
as sarnoie resu i i s was s l ight iv above 1 ppm During the
pe"od ^9JO io !9J5 or so. when many o' the involved

were emoiovea the permissible concentrat ion tor
^e eioosurp F A $ A standard) was 100 ppm In com-

w . r n me pace's c^ i ed bv me MOSH updaiP no mto r -
on o" '• ' inff oicco 30norrna i t t i e s was given in rhe m-
report

iORi c studies of workers exposed to measured
low concentra i ions ot benzene vapor have veided neaa-
• i ve or inconclusive results Thorpe 1-^ 1 a l ter s tuavmR the
occurrence or leukemia in A population ot 38,000 workers
•n d vane iv 01 furopean cetroieum ana petrocnen-ucai OD-
erai ions, some ot whom were exposed at levels ot benzene
mat occas ionai iv reacnea 20 pom over a period ot 'en
\ears found ih.it deains trom leukemia "were not abncr-
mj! for the countries mvoived lift v$ 23 23 <>xpecieoi

Retrosoecuvp studies o' empiovees oi a lar^e chemical
companv exposed tor manv years to benzene, mostiv ai
low levels, revt-jied no cxce'-S mortaiitv • •"4i l A cohort or
594 worKmen were divided mio tour exposure groups verv
low exposures, less man I ppm as time weighted average
( T W A ) . low exposures. 2-9 pprn moderate exposures . q-2- »
ppm and hi^n exposures above 25 ppm In manv aredi
there was exposure to other cnemicais as wetl as (o ben-
zene The duration ot exposure was also divided into four
groups, wi ih !Rf» workers having m excess ot 20 vears

O' "'-'_ deams [wo A ere rjue to anemia :.%o <o :euke-
mia. and one rad It-uce^ia ds A complication Of 'hese f-ve
cases ontv one. jn auicp' jv-ronfirmeo pern-c .ous anemia
tnvotvpri j nrovious exposure to oenze^e c' s-antficance
5520 ppm monms The other anemia ceam : a^nosed as
being o' the amasiic tvoe. wa-» o' a worker ,\.tt\ 453 opm

ot benzene exposure Two o» me 'e^kemia cases
exposures of 545 and 305 pom nonrns re-
wmie the thtrd was or a wor*e' A. in oniv 18

ppm monms benzene enoosure.
To put these exposure data m perst)ect:\e three or the

deceased workers had had exposures to benzene eou.va-
tem to JO vears empiovment in concent.-aiions s l igntK

^J dDOvy or below I ppm (he exposure oi 'he rourm. ;*
CN* spread over 30 vears , vvuutd have neen at a concentrat ion
CC 01 0 05 pom
W The predicted deam< irom anemta anc leuN.em.-a were
w- 02 and 1 respectiveiv fhp taci t ha t , aoan rrom the oe^
^ cious anemia c*eam, mere apoeared to nave oeen no dose

response reiano.isnip, apparently led 1C the conclusion nt
'he author^ rhat "no fionatitv rir,a<nes

The \iOSH update r^^ndcns me ' i c n s i s t e - r
r:ons oi rnromosomai aoerrat ions assoc .atec .%-m
exposure but turther cornrnenis that "~e irrcscanons Of
rnes« f ind ings with respect !o benzene ieuKerr, ;a are s t ' l !
noi clear The posscilitv ot a chromosomal insiabii!fv act-
mb> as a s t imu lu s for A late'v 'eunemoeenic v i r u s nas
specuUted uoon > • " • This question was d.scussea at ?
lenem af me i n t e rna i ' o na i Workshop on me Toxico 'ogv or
Een/ere npid m Pans m Novemcer :9~6 Tougn""' had
previoubv reported that marked aoerra i i on s were tound
oniv m oianii where concentrations ot benzene vapor
were bei-eved to be between 25 ana 250 opm and that no
s i gn i f i can t cnanges were observed at ~(1 cpm Forn i/ * * 1
however, s iated that mere naa been A tew oo s - r i v e as wen
as negat ive , reports a: levets between 5 ana T5 ppm The
consensus o' opinion was mat the s ignmcance ot the f i nd-
ing ot mcreased chromosome aberrat ion^ >or the occur
fence ot benzene leukemia was su' l not c ' e- j r
Poi lm i-4 * 1 reported that amontj t t anan snoe
jii f-*ie c^ses or ^jemoDdfnv aue to ce^io/ \\n>c" ieaa .'c
deatn snow features or terminal leu^em/d , jncf H^e /eu
kemus! wpre j/wjvs preceded ov aD<a$<".~ cond'f'on? '

Opinions of the worxsnoo oar t i c i pan i s re ianve to me
appropriate T(,v 'or benzene were var ied The ' < n a i recom-
mendation was 10 re ta i n iQ ppm as a pe rm i s s iD ' e T\.\ A
which must not be exceeded, but ii was also -.cecmed ma:
benzene snouid not be empioved when suDsntu ie mate
nais were available

OeCowm s report 1 ' ' 1 ot a case o' leukemia Following ar
apparent benzene-mduced aplasuc anemia contains a dis-
cussion >*nich implies (hat there is evidence mat apiasuc
anemia per se mav lead io leukemia, and ihat uetaveu
cdses or this disease are not confined to apiast ic ancmt.1
Cue to benzene

It is the opinion of the Committee that me charac ter i za-
tion or benzene as a leukemogen. bv NiOSM is m essence

although benzene rnav be what Trunaut has de-
as a "secondary cj/cmogen ' '«' An A2 notation

should be applied to oenjrene m the TtA l ist ings
On the other hand, the Committee does not agree w.ih

ih* MOSH recommenoai.on oi 1 ppm as an
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if thp

ed in the

• 'a"<iard -^soiar as ihe TIN, can n«?
a su"ajra Jhe'e >* Mile evtaence mat exposure to

henzene .*: concentrations beio^ 25 pprr causes
kino Seittng me TLV j[ 10 com as a
e, provides an aaaed margin of saie'v
»i to be set at rhe iowe-st practicable de-

.-t t$ the opinion or iomp mer-iDers or me
t a value lowpr man i pom shou.d be se iecr-
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118 Handbook of Toxic and Hazardous Chemicals and Carcinogens

Potential Exposure: Workers in organic synthesis of pharmaceutical*,dyestuffs, rubber chemicals. Used as a solvent and chemical intermediate.
Permissible Exposure Limits in Air: No standards set.
Permissible Concentration in Water: No criteria set. Biological effects re-viewed (A-36).
Routes of Enlry: Inhalation, ingestion, skin absorption.
Harmful Effects and Symptoms: Toxic when ingested or inhaled.
Personal Protective Methods: Wear long rubber gloves, overalls and apron

(A-3S).
Respirator Selection: Use self-contained breathing apparatus.
Disposal Method Suggested: (1) Mix with c?ldum hypccnlorite and flush to

sewer with water or (2! incinerate.
References
(1) Sax., N . I . . Ed. , Dangerous Properties of Industrial Materials Report. 1. No. 3. 40-42,

New York, Van Nostrand Reinnofd Co. ( 1 98 1 ) .
(2) See Reference IA-6O.
(3i Sax, IM . ! . , Ed . , Dangerous properties of Industrial Materials Report, 3, .Vo. -I, 40-12,

New Vorl ; , Van Nostrand Reinriold Co. ( 1983 ) .

BENZO[a]PYRENE
See ' Polynuc iear Aromatic Hydrocarbons also.
* Carcinogen ( EPA-CAGJ ( IARC) ( 1 )
* Hazardous Waste Constituent (EPA)
Description; C:0H 1: with the structure

forms yellowish crystals melt ing at I 79"C.
Code Numbers: CAS 50-32-8
DOT Designation: ~
Synonyms: 3,4-Benzpyrene .
Potential Exposure: Benzolalpyrene ( B ( a ) P J is a polycyciic aromatic hy-

drocarbon (PAH) that has no commercial-scaie production.
8 ( a )P is produced in :he United States by one chemical company and dis-

tr ibuted by several specialty chemical companies in quantities from 100 mg to
5 g for research purposes.

Although not manufactured in great quantity, BiatP is a by-product of com-
bustion. It is estimated that 1.8 mill ion pounds per year are released from sta-
tionary sources, with 96% comina from: !1) coal refuse piles, outcrops, and
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Benzo[a]pyrene 1 1 9

abandoned coal mines; (2) residential external combustion of bituminous coal;
(3) coke manufacture; and (4) residential external combustion of anthracitecoal.

Human exposure to B(a)P can occur from its presence as a by-product of
chemical production. The number of persons exposed is not known. Persons
working at airports in tarring operations, refuse incinerator operations, power
plants, and coke manufacturers may be exposed to higher BMP levels than the
general population. Scientists involved in cancer research or in sampling toxic
materials may also be occupationally exposed. The general population may be
exposed to B(a)P from air pollution, cigarette smoke, and food sources. B(?)P
has been detected in cigarette smoke at levels ranging from 0.2 to 12.2 tig per
100 cigarettes. B(a)P has been detected at low levels in foods ranging from 0.1 to50 ppb.

Permissible Exposure Limits in Air: 0.5 mg/m3 8-hr TWA (coal tar pitch
volati le*! (OSHA). ACGIH ( 1983/84) designates Benzofalpyrene as an indus-
trial substance suspect of carcinogenic potential for man with no TWA value set.

Permissible Concentration in Water: Water quality criter ia document for
PAH published in final 1 1/2/80. Total PAH addressed. A concentration of PAH
2.8 ng/£ is estimated to limit a cancer risk to one in a mill ion ( E P A ) .

Harmful Effects and Symptoms: B f a SP has produced tumours in all of the
nme soecies for which data are reported following different administrations
including oral skin and intratrachea! routes. It has both a local and a systemic
carcinogenic effect. In sub-human primates, there is convincing evidence of the
abi i i ry of B ( a )P to produce local sarcomas following repeated subcutaneous
in ject ions and lung carcinomas following inttatracheai instillation. It <s also an
in i t iator of skin carcinogenesis in mice, and it is carcinogenic in single-dosecxper inents and fol lowing prenatal exposure.

in skin carci . iogenesis studies in mice, B ( a !P was consistently found tc pro-
duce rr,ore tumours in a shorter period of time than did other polvcyclic aro-
rnat;C hydrocarbons, with the possible exception of DS( a , h )A . li a dose-re-
sponse study involving subcutaneous injection in mice, the minimal dose at
which carcinogenic ity was detected was higher for B ( a )P than for DB(a ,h )A and
for MC. However, the latent periods were shorter for B ( a )P than for DB(a , h )A.
In stud ies using intratracheal administration, B i a )P appeared to be less effectivethan 7H-diber :zo(c ,g l carba?o ie in the hamster (1 i .

No epidemiologies! studios on the significance of 3 i a )P exposure tc man ate
ava lao le , and studies are insuff ic ient to orove that B ( a }P is carcinogenic for man.
However, coai-tar ana other materials which are known to oe carcinogenic to
mar mav contain B i a ) P The suustance nas also been detected in other environ-mental s i tuat ions .
References
(1) 'ARC Monograohs on the Evaluation of Carcinogenic Risk of Chemicals Co Man,

vol. 3 I ARC, Lvon, France, po 91 - 136 H973) .
See Reference (A-62). Also see reference (A-64J.
United Nations Environment Programme, International Register of Potentially ToxicChemicals, Geneva, Switzerland ( 1979) .
United Nat ion j Environment Programme, ffiPTC Legal File 1983, Vol. I, pp V I I / 5 2 1 -

22. Geneva, Switzerland. International Register of Potentially Toxic Chemicals( 1 984 ) .

(2)
(3)

(4)

GOCco
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2-8ENZO-FUnANCETONITnn.E 377
*Tj'of 2 isomers, brown crystals, nearly insol inmost organic solvents. mp(a): 106', mp</3):
.745 & 20V200.
W.

J.6-BU0XV.
«
>RO-

IUL-

DATA:
15 i

2,4,3-flENZODIOXATHiePIN- 3-
OXIDE

6.7. t, 9, 10, 10-HEXACHLORO- 1.3.
5a.6,9,9*-HEXAHYORO-6,9-
METHAKO-2,4 J-iCNZOOfOXA
THIEPIN-3-OXIDE

!.*,5,6.7.7.HEXACHLO»O-5-NOR-
BORNENE-2.3-D1HETffANOt.
CYCLIC SULFPTE

VCI-C005W

CODEN:
RPTOAN 42.150.78

PB223-159

IMS mg/lcg
NTIS" PB2Z3- 139
ARSIM* 20.9.66
WRPCA2 9 . 1 1 9 . 7 0
BF.CTA6 15.70S.76

):40
j:75
)t? mg/lcg

GTPZAB 8(4
BECTA6 I5.'C8.76
85DPAN - . - .7 1 , '6
BECTA6 [4,5 13. 75
JETOAS7. I59.-4
TXAPA9 2 : , 556 .72
TXAPA9 2 i . 3 t 5 . 7 2

M0:34 tag/i*
):35 mg/kg

•gToxicity Rating TLm^6 : under 1 ppm
^ 3,-,74. TLV Air: 0.1 mg/'m3 (skin)

i* -4 , 165,80. 7bxJe.-5/o$>- K«m<w: DTTIAF
£485.73; RREVAtl 56 . iC7 ,75 : 27ZTAP 3 , 142 .69 .

xtnogcnests Bioassax Comp!efed; Results Neg-
^CrrR* NCI-CG-TR-62 ?').

iiaperTER, NEO. ETA. VERY. VERY HIGH
HIGH via der.-nal routes. A CNS stimulant

Jg convulsions. A highly to ;ic orgrnochlonne
^f does not accumuiaie significantly in
^.tissue. Absorption is normally slow but :s ir.-

Hy alcohols, oii. rmuisiners.
Dangerous, sec chJondes and S com-

f: 205823
« mw : 252.32 MOSH ^: DF 6300000

DATA: 3 CODEN:
CANCAR 12 , 1 1 54 , 59

;?3. tC Detcrm'nat!on: Animal positive IARC**85DHAX Pc-4-72- "NIOSH

" V O L 1 1 8 3 .
r CARC

Disaster Hazard: When heated to decomp it emits acrid
smoke and irr fumes.

BENZOfloFLUORANTHENE
CAS RN: 207089 NIOSH #: DF 6350000
mf: C»Hi2; mw: 252.32
SYN: ll,I2-UHZO(K)FLUOftANTHENE
TOXICITY DATA: 3 CODEN:
ikn-mus TDLO-IS20 mf/lcg/47W. CANCAR 12.1194.59

I-ETA
scu-mus TDLo:?2 m$/lcg/9W-I:ETA AICCA6 19,49a63
"NIOSH Manual of Analytical Methods" VOL I

183 , 184.
THR: An exper ETA.
Disaster Hazard: When heated to decomp it emits acrid

smoke and irr fumes.
BENZOn»)FLUORENE
CAS RN; 30-77196
mf; C I7H l = ; mw: 216.29
TOXICITY DATA.
mma-«[ 25 umoi/L/2H

MOSH x: DF 6383000

CODEN:
CNREA3 3 9 . 4 1 5 J . 7 9

THR: MUT data.
Disaster Hazard: When heated to decomp it emits acrid

smoke and irr fumes.

BENZOFURAN
CAS RN: 271396
mf: C,KSO; mw: 1 1 3 . 1 4
SYNS:
BE.NZfXBIFCRAN
2.3-BENZOFLRAN
BENZOFtftFL'RAN

NIOSH =: DF M23800

NCI-C56I&6
t-OXINDENE

Currently Tested by NTP for Carcmogenesis by Standard
Bioassay Protocol as of December 1980. Reported in
EPA TSCA Inventory, 1980.

THR: No data.
Disaster Hazard: When heated to deccmp it emits acnd

and irr smoke and fumes.
2-BENZOFURANCARBOXVT.IC ACID
CAS RN: 496413 NIOSH #: DF 6490000
mf: QH«Oj, mw: 162 . 15
SYN: COUMARtLIC ACID

TOXICITY DATA:
ivn-mus LD5Q:320 mg/fcg

CODEN:
CSLNX' NX^02495

Reported in EPA TSCA Inventory, 1980.
THR: HIGH ivn.

r Hazard: When heated ro decomp it emits acnd
smoke and irr fumes.

2-BENZO-FURANCETONITRILE
CAS RN: 6149699 NIOSH DF 65500(10
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L D p 0 LI I L :
r! c u L L ? F 0

A r. M

i

c W E^ D O rtor H M N D L E B R O K E N P A C K M ^ L S W I T H O U T P R U T E C T I V E E L J I J
A U , ; f H HWA ' r A N r n A T E R I n L S W H I C H M A C H A U £ C O N T A C T E D I H H

C O P I O U S AnQUNTS OF WATER Of t SOAP AND W A T E R
< UEAf t S E L F - C O N T A I N E D BREATH IrJi j A P P A R A T U S u »Hi iN

T H I S M A T E R I A L
- iO R E P O R T I N G OF RELEASES OF M A S S I V E FORMS OF T H I S M E T A L«£ Q U I ? E D UNDER C E R C L A SUPERFUND N O T I F I C A T I O N 4 0 C F R 3 0 J [ f

' I A M E T E R OF P I E C E S R E L E A S E D I S E Q U A L TO OR E X C E E D S 100
i O . 0 0 4 I NCHES )

S O u r w

F I R E S

IIIIII

j L L U I N G I N F O R M A T I O N F R O M D E P A R T M E N T O F T R A N S P O R T A T I O N / U . S . C O A S T G U A R D
X E M I C A L R E S P O N S E I N F O R M A T I O N S f S T H M 1 . R E G A R D I N G W A T E R S P I L L S :
V R E S T R I C T A C C E S S O F G E N E R A L P U P L 1 C W H E N A P P R E C I A B L E D A N G E R A R I S E S F R O M

SP I LL
A R E S T R I C T I G N I T I O N S O U R C E S W H E N S U B S T A N C E I N V O L V E D
A USE M E C H A N I C A L D R E D G E S OR L I F T 5 TO R E M O V E I M M O B I L I Z E D M A S S E S

O F P O L L U T I O N A N D P R E C I P I T A T E S
' H C G H L r V O L A T I L E . A V O I D I N H n L M I I O N , V A P O R S O R D U S T A R E I S R I T n T I N G ~ ' R

T 0 < 1 C
' * - H I G H L i ' C O R R O S I V E , A V O I D D l f c h XT C O N T A C T , C O N T A C T W I T H SK IN O R E r ' E S

C A N C A U S E IR fr 1TAI 10 n 0R & U ftN i
* S U i S T A N L H HAS U N U S U A L F Ih:£ Ok T O X I C I T Y H A Z A R D S
* • S U t ' S T M N C E S I N K ' D [N WAT El* 1

- i . o t f HTEMAL L [ 5 T E l . i n S HA^Mh £ ' L : ' _ ^ : S U P S T A N C E , A 3 D E F L ^ S D Ii 1-* S E C T I O N
J1 < I -J .- i! F T .1H C O n P S E h E N S I V £ £ M V I ? 0 ̂  fi E N T A L R E S P O N S E . C 0 M P E N 3 T A 110 N , AND

. I r. & IL IT '( H C T \ C E R C L A • OF i ? 8 0 , [ •_• R S U A n T T 0 0 N E 0 R n 0 F; K OF T H E
r J L L L U IN G :

F S D E ^ A L w A T E - r P O L L U T I O N L L ' NXP i J L ACT ̂ F U P C A : - S E C T I O w 3 i i v & ) < Z > < A '
5 J L I D w A 3 I E D i 5 r (J s A L ACT 5 E C T i 0 N 3 >j (.: i
CLEm-J W r i V E i A C T ' C W A ; S l £ LT I t j i N 3 0 7 i A , >
C L E A N ^ I < ACT '• "J A A > S E L T ] G N i i 2
TO , * I I ^ U b r TANCE ' f C O N T R O L *CT - T S C A ION

A C O ' i F R E H E N S I V c E N V I R O N h E N T n L R E S P O N S E . C O M P L ^ S A T I O N
ACT u: E R C L A / S E C T [ 0 N 1 0 J

L I A & I L IT i

""-'A H A Z A R D O U S W A S T E N nMB c K P o l
- - R Y L L I U h D O S T

JCFRJ oO H A Z A R D O U S W A S T E r lA ENT S r 'STE i i : GENERAL
P R O V I D E S D E t l N I T T O N S O F T E R M S . O E N E f t A L S T A N D A K D ' J , A N D O V E R V I E W

^ F O R M A T I O N A P P L I C A B L E T O 4 0 C F R P A R T S 2 6 0 - . 1 6 5

' R 2 u l I D E N r i F I C A T I u N A N D L t S T I N G O F H A Z A R D O U S W A S T E
I D E N T I F I E S T H O S E S O L I D W A S T E S W H I C H A R E S U B J E C T T O R E G U L A T I O N A S

A Z A R D O U S W A S T E S U N D E f t 4 0 C F R P A R T S 2 6 2 - 2 6 5 , 2 7 0 , 2 7 1 . A N D 1 2 4 A N D W H I C H
RE S U B J E C T TO THE N O T I F I C A T I O N R E Q U I R E M E N T S OF S E C T I O N 3 0 1 0 OF THE
E S O U R C E C O N S E R V A T I O N A N D R E C O V E R Y A C T ( R C R A ) A N D I D E N T I F I E S O N L Y SOME
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,• L. F .- ~ - ~ i T H N D A F I'S A P P I i'. n £ L E I J G EA' £ * H I~ P i -j t - A ̂

r : s r ~ r < L i 5 ~E5 s T . i N D M p L 5 F O P G E N E R A T O R S O F H A Z A R D O U S W A S T E

•JCFSI '33 STANDARDS APPL ICABLE TO TRANSPORTERS OF HAZARDOUS W A S T E

I E S T A B L I S H E S S T A N D A R D S W H I C H A P P L Y T O P E R S O N S T R A N S P O R T I N G H A Z A R D O U S
ASTE WITH IN THE UN ITED STATES IF THE TRANSPORTAT ION REQU IRES A M A N I F E S T

i J D E R 4 0 C F R 2 6 2lIiiii

" >CFR264 S T A N D A R D S FOR OWNERS AND O P E R A T O R S OF HAZARDOUS WASTE
* EAT r f ENT , S T O R A G E , A N D D I S P O S A L F A C I L I T I E S
ESTABL ISHES M IN IMUM N A T I O N A L S T A N D A R D S W H I C H D E F I N E T H E A C C

OF H A Z A R D O U S U A S T E

c F ? -65 I N T E R i n S T A T U S S T A N D A R D S F O R O W N E R S A N D O P E R A T O R S O F H A Z A R D O U S
STE T R E A T M E N T , S T O R A G E . AND D I S P O S A L F A C I L I T I E S
E S T A B L I S H E S M I N I M U M N A T I O N A L S T A N D A R D S W H I C H D E F I N E T H E A C C E P T A B L E

C F H A Z A R D O U S U A S T E D U R I N G T H E P E R I O D O F I NTER I n STATUS

) C F P I G 7 I N T E R I M S T A N D A R D S F U R O W N E R S A N D O P E R A T O R S O F N E W H A Z A R D O U S
1 3 T £ L A N D L i S P O o A L F A C I L I T I E S
E S : - B L I 5 H H r M I N I M U M N A T I O N A L S T A N D A R D S T H A T D E F I N E T H E A C C E P T A B L E

O r H A Z A R D O U S U A S T E F O R N E W L A N D D I S P O S A L F A C I L I T I E S

I ) C F P : 7 0 E r A A D M I N I S T E R E D P E R M I T P R O G R A M S : T H E H A Z A R D O U S W A S T E P E R M I T
i*. u 'j r. - 1

ES 1V .SL I5HE5 P R O V I S I O N S F O R T H E H A Z A R D O U S W A S T E PE f t n I T P R O G R A M U N D E S
j & r . - ^ E C • _ • ? T H E S u LK i W A 3 T E D I S P O S A L A C T , A 3 A M E N D E D & * F H E f . E S O U f - C E

0 N S E ? ^ A T I u r* AND R £ C O l - > E r ! r A C T

S E , ; U I E E K E , - J T F O R A U T H O R I«AT T O N O f S T A T E H A Z A R D O U S W A S T E
0 G P :

hU £
0 r .-

- W L H O L - L O U ' " r t P P P u V I N G , R E V I S I N G . A N D- . - 'PRO'- 'HL OF STATE P R O G R A M S ANu f H t - h £OU CEMENT- ' - T A F E
I M E E T TO BE A P P R O V E D B i THE M.';rt I N I ST f iAT ION U N D E R S E C T I O Nf,. S H

NUMBER

I I S T R Y T U X I C C H E M I C A L S N U M B E R
IS I 7 * 5 0 0 0 0

C I A L I N F O R M A T I O N
JB . FOUND AT L I P A R I L A N D F I L L . P I T M A N . N . J . —
£ WHAT I N F O R M A T I O N YOU R E Q U I R E
L/ f SPEC I F IC I N F O R M A T I O N < BY 4 -LETTER C O M M A N D , /HELP/^O.R / !
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BUU -raetfaylatayl) Sodium

i
I
I

!-ylmeihyl)niperizine.
n/t- 2-yllntetttyl/ptptra*

N,O4; mol w« 382.44. C
. Prepn: Swain, C.S.

eihanol. mp 1 6 2 - 1 6 7 *

•yfamintf. .V..V- Dit<2-
-..nzylbis<;*-chioroeihyl)-

C 56.91%, H 6.5in, C1
imp, Nikawitz. U.S. pal.

G< trnan. Nickerson. L'.S.
T. sh).§
a1
let

Is c. in mice: 50 mg. kg.
CrystaJs. mp 148-

cant-=r research.
iine. C^HajCI.

. Cl 26.1S-"V. N 10
Chem. 7, 4O

:ly hygroscopic mass,
} t IHjO. crys ta l s from

s e.xpli antmeoplaatic.

t fi.a'-Dtchlorodimeih-
; jyrti-dichiorodiniethyl
I C 14.73%. H 2-47%.

"~,(CH)CI), Prepd by
!e; Lewin. 7. PrakL§ jf aiuomeihane with

JtAim. 27, 780
or from alcohol plus
ihanol. ether- Easily
1 and KOH.

hlorophenoxy)rtiethane;
mot wt 269.12. C8 . Prepd from /t-chto-

U.S. pal. 2.503,207

( 1950 to Do*); from todium phefiolate And diehloronuth.
arte: Miron, Lowry. / ^m, CAem. 5oe. 73* 1872 (19SI) .

O—CR,—O—( CI

Crystals from p«r eih«. mp 69.7-70.2*. bp( 1*9-194*.
Solubilitiei at 25* tn g/IOO ml: acetone 129: benzene 40;carbon [eirachioride 28; meibamf 0.5: eth«r 97 Practically
insol in waier, petr oils. LD,o orally in «M: 5-8 a/kg; («bal
coficn for rau in air I8.0OO ppm.

l-'SE; Mittcide. Toxicity: No record of human poisoning.
AnimaJ expu show low rou«ity, but large dote* ' ave camed
liver injury. Effects may be similar to, but less severe than.
DOT. q. v.. Spencer el ai. Arch. Ind. Hyg. Oeeup. Aftd. I, 34[
fl*)50).

1267. Blsdequalinium Cblorid*. 6.7.3.9.10,11,12.13,14..
lS,22.23.24.2S,26,27.28,29.30,31.32.33.r)oectohy{lro-3<,,3?t.
dimethyl- 5.34:1 6.21 ~diethtn0dibcnz.ofb,rf[l, 5, 16,2Qftetraata-
cytlairiaeanntte*5.16-diiam diehlande; jV. ,V -decamethyl-
cne-iV*. A" -dcca.net hylenebisf4-aminoquinaldinium ;hlo-
noibisfqumaJdmmm chlonde): Saivizoi. CwHttCI,V4; mol
wi 665-84. C72. !ft%. H 8.781?-, CI 10.65%. N *.41%. Prepn:
Stark, Brit. pat. 895,090 (I960).

-diami- ^

E: Antiseptic, dtSinfVcnini.
CAT: Antiseptic, disinfectant.

126ft. Bis< ;>-d imet h ylnminohenzyli dene then zidi Re. .V,-
\'-8is(f<t-<dintttt
y!/' 4.4'- diamin e;
noibiph«nyt; bis'<i
nodiphenyl; M,X _., r _ . . . . _ . . , , . _ . . . . . . , . . . _ . . _ _ . . _ . _ _ _ .CM**WN*' mo1 w( -W6.3T C 30.68%. H 6.77%. N 12.55ft.
Prepn from hydruobtfnzene and p-dirneihylammabenzal-
dehyde: Sachs. WbilUke/. Ber. 35, 1435 (1902).

' /

Yellow crystals from nitrobenzene, mp 318 * Reacts with
solutions of the ailtaii cungsiaiea to give a cinnabar-red pre-
cipitate.

USE; Determmacion of tungsten Hovorka, ColL Cstck.
Chem. Commun. 10. 518 (1938). C-A. 33, 1624 (1939).

1269. Bist 1,2-dimetbyfpropyDboraae. Di^iamyihorane.
di-»i-iioamylbnnne: bist3-methyl-2-butyl)borane. Cw-H^B. mol wt 154 . 10 C 77.94%, H 1504%. B 7.01%. Prepn:
Brown. ZwwfeJ. /. Am. Cfitm. Soc. 83. 1241 ( 1961 ) .

CH.CB - CH - BH — CH — CBCH.

Crystals, mp .15-40*. Unstable to air.
USE; Selective reagent for stenc control of hydroborantfa

of olefini.
U70. Bls(2-cthylheiyl) Phthalafe. 1.2-Bfnttnedica^

oxvlie acid *n(2- fthythexyt) ester;di*2-ethylliesyl) pnthaUK-
dioctyl plithal^te, Octoil. CWHUO4, mol wt 390.54. C
73.80%. H 9.81%, O 16.39%. Prepn: Garner. Watson. U^-

Cotualf Iftt C/WK fnrfcK A</o« wing rt

<1950 to Shell): Br't. pal. 747^60 fl9S6 to

CDOCHjCHI C-jH,} {CHj )3CH3

x:-,

v»»euMra pomp*.
BW2-«d)ylheiyl) Sebacare. Dmneaiorc acid *ii-

***f: di<2.«thylh«;yl) wbacate; Ocioil S.
C-H-O,. mol wt 426.66 C 73.19%. H 1 1 81%.

CH,. Prepn: Bruno,r( l9JJ to Pittsburgh Coke A Chemical).to Ch«niw:h- Werke Hiilsl
,Jjquid, dg 09 1 19 , n$ 1.4496
" Irt vacuuri pumps.

i
1272. Ai;A-Bis(2-bydfo]cycihyl>.^-njlrosoaniline. 2.2'-

HOphenviiiniinoJbistihanal. CUHUN,O., mol »t
C 5113"=- H 6-7|t. V 13 33%. O 22 .83% PrepnI023 .-(-n. Chem. Soc. 81. 5957 ( 1959). Sen.

/ Ory <-'ttem- -*- IZ! U959) .

from iO erhanol. mp 1 3 7 - 1 3 8 *
HydrocWonde. C,9H,4N,Oj HCI. crystals, mp 1 2 3 - 1 2 5 *
Dimethanesulfonaie. C,jH,,N',O-S;, \,.\-6iif(2'intiHanf-
t23. Conrmercial development: Arthur D. Little. Inc.

£ CAT: Exptl. antmeopia$:ic.
1273. l,3-Bis<hydrovymethyl)-2-beazinii(lazolinethione.

l-Mertaptoben/imidazole-1.J-dimethyjot. Thyreocordon.
t C^fwN,OjS; moi *t 210.26 C 51.41%. H 4 79%. N 13.33%.
t .O 1522% . S I5.2i™* Prepn: Monn. Veniun. Gazz. Chim.

*«, 365 (l94ft)
CH,Ofl

mp 160-162* . Soluble djl in alkaiiti.
.Sedative, thyroid inhibitor-

V,.V'-Bis(isonicotitii<: acid] Hydrazide.
me. bis[4-pyndoyl)hydrazjne. C,jH.9.i,«jj.*t 242.23. C 39 5O%, H 4.16%. N 23.13%, O 13.21% .

I by boiling isomcotimc acid hydrande with amy! m-
*lc: Graf. J PrakL Chem. 138, 289 ( 1933) .

e.- dit4-

COHB—HXOC

'tim needle* *rom watei. ,-np 254-255* Sparingly
"er. peir eiher. benzene, foi m alcohol. a«tic and.
disinark
». r flro*"f •*- 5.5'-{,4-methyl-ffi-phenylene)bii.

mrn j l u« l e-2-«-dwmin«l dihydrochlonde; C.I . 2 1010 ;
J467-?" n "' v«"v,n«. C-.H-.O.-V,; mol wt 461 .41 .M »7-* . H 5.68%. a 15.37%. W 24.29%. Prcpd by reac-

tior ot
(2nd «>

»r

^. tut 2,628.249
Brit. pat. 747,2*0 Dark

ioln>; s
tically
which
gives vt
Fr«

rrp l.lf
acetone

USE:
our /no

1276
ft.J-hfr
4.4'-{w
drochlo
mol w(
Prepd ^
F J. W
(rand C
19J6 ) T.

Blacki
ethinot.
carbon t

L'SE: .
f2nd ed.

t277.

5 92< C
suifosucc
wrth the
ate a)co.
todium
Brit, pat

Avails*
Must be •
in hot via
447 g/i.
the wettir
HPO.; 3?
pice oil. i
2B ctham

Consult the cross index bef-jrt using
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0 . 0 4 r*. G.- n i N I u £ H * E C 0 rt fit N L' E D 1
0 .2 M G / ^ 3 N l O S H R E C O n n H ^ L i E D i ^
S U S P E C T HU^ r tN ' - f . p 1 . ; I NO 3 ; ; - * • . N l ; '

D A T A

C E P C L A H A Z A R D P n r ; N ' j S
P E R S I S T E N C E J

' U T E - l ^ I L i

i L B C IP* A 3 0 7 ', H >
r O X I C I T Y 3 - I G N I T n B I L I T Y 2 -

T O X I C O L O G i ' : A C U T E P O I S O N I N G E'Rur t I N ! 3 £ i T IGN C A U 5 E S f jAS I f tO I NTEST I r *AL
U P S E T , S A L I V A T I O N , S H O C K , L I ^EF A N D P I D N E r D A M A G E . F U M E I N H A L A T I O N
C A U S E b P U L r t O N A K f D I S T U R B n N C E S . W E A K N E S S . A N D L E G P A I N . P R O G R E S S I N G T O
F E V E R A N D L U N G C O N G E S T I O N .

C H R O N I C I N H A L A T I O N P R O D U C E S H N O S r i i A , D r S P N E A , WE IGHT LOSS , AN!'
D I S C O L O R A T I O N OF THE T E E T H . I R R E V E R S I B L E LUNG I N JURY HAS R E S U L T E D ,
AS HAS K I DNEY DA r tAGE . HYPERTENS ION HAS RECENTLY
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A D m ^ I r l h A T l O f . E V i D £ ri -1E r • j r „ ̂  ? s". I :•' 0 G E .*< I _ 11 f : N M J ̂  M N S 15 L m 11 £ i>.
5 * L - J I E 3 S U G G E S T O C C U P A T I O N A L E ' r O r - < - ' £ T O 50^ £ t J p r t u f C A D M I U M , F ' j j ' S I t i .T H E o < i D E . I N C R E A S E S T H E R i i v o f P R O S T A T E . ? E S P [ H n r o p i . M N O G E N I T G U R I N
^ h ! u A f ^ C E P s I N H U M A N S .
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Sc 'av worse's exposed at 0 5Jo Dursban einufsion m
f ie 'C ' r i a l s iQ' malaria control on premises showed a mea-
suraE> decrease in pfasma and ted ceti cholnesterase ' ev-
els ' ; ;-' *n this studv, 5 of 7 spravers showed more than 50 per
cenr .'eduction in cnoltneslerase wilhm two weeks after
the spraying program began, tn another study,'6' human
volunteers were exposed to thermal aerosols containing
Dursban insecticide for one period. Exposures of 3 to 8
m-nutes at concentrations of about 0.8 /inVm* in air pro-
duced no significant alteration of cholinesierase levels
This concentration resulted from ihe recommended appli-
cation rate in thermal fogging

Available studtts indicate thai Dursban is rapidly meta-
boii*ed m the animal body.'8*

There was evidence of teratologtc or reproductive ef
fects in male and female rats fed l.Omg/kg per day during
a three-generation reporduction and ferti l ity studv < 1 7 '

A TLV o< 0.2 and A STEl of 0 6 mg/mj are recommended
to preveni anv measurable decrease tn plasma cholmeMer-
^se activit ies and pro^'des a ver\ wide margin of safety in
present ing cnc^nergic symptoms or organic injury

Manual. 2nd ed . 6r .h$h Cop
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TLV

i Cf

MeUl
Cr II Compounds
Cr Ml Compounds
Water Soluble Cr VI Compounds

0.05 mg/m3, Appendix Ala — Recognized Carcinogen
— Certain Water Insoluble Cr VI Compounds

OJ mg/mj

0.5 mg/m3

0.5 mg/m3

0.05 mg/m'

/p.-nei^ / • i/c number 2-1.
atomic rtpighf 5T 996, m Group \ !8 of fhi periodic table If
;s d i'eei-grj\, ferrous -DPM/, ^sth d specific gwu\ of ~ 20
The meting point is 1900G C jnc boils af 2642" C The
meta' reacts w ;n dilute fodr^Khionc acid and sultunc
.jciJ f)uf noi W ' ^ n rutnc acid

Chromium metal v\as first isolated m 1798 The chief
uses of chromium and chromium compounds are in stam-
iess and aliov sieeis, refractory products, tanning agenis lor
leather, pigmenis, electroplat ing, catatyst and in corrosion
resis'ani products Chromium is obtained from chromite
ores ifeOCr;O ( ) Relat ive ly largp deposits of chromite ore
were found near Baltimore m the United States but no
mining has taken place there sm*e 1%1

Chromium can have a valence of 2, 3 or 6, and a wide
range of chromium alloys and inorganic chromium com-
pounds are encountered in ihe workplace These chromi-
um compounds vary greatly m lh?ir loxic and carcinogenic
effects for this reason- it is necessary to divide chromium
and its inorganic compounds into & number of groupings
— each wuh its specific TLV ba^ect on available lexicologi-
cal and ep'demtologica! evidence These groupings are

1. Chromium metals and Alloys
This grouping includes chromium metal, stainless
steels and other chromium -containing alloys.

98

2. Divalent chromium compounds (Cr 1 * ) (Chromous
compounds)
This grouping includes chromous chloride (C 'C 'J
and chromous suifate (CrSCM

3. Trivalent chromium compounds (Cr3 * ) (Chromic
compounds)
This grouping includes chromic oxide (G-O, i
chromic suifate (Cr^SO,,])). chromic chloride (GO,) .
chrormc potassium su lrate (KCr(SO-tfe) and chromie
ore (FeO-Cr :O,)

4. Hexavalent chromium compounds (Cr* * )
This grouping includes chromium tnoxide (CrO () —Ihe anhydride of chromic acid — chromates in g .
NajGO*}, dichromaies ( e g , NajCr.'O) ano potvcn-
romates Certain hexav,ilent chromium compound*.
have been demonstrated to be carcinogenic on inp
basis of epidemiological investigations on worker*.
and experimental studies in animals In general, these
compounds tend to be ot low solubi l i ty m water jnd
thus mav be subdivided into fwo subgroups
(j) Water soluble hexavalent chromium com-

pounds
These include chromic acid and its anhvdnde.
and the monochrornates and dichromates ot
sodium, potassium, ammonium, hihium, tes .
um and rubidium
Water insoluble hexavalent chromium com-
pounds
These include Zinc chromate, ca lc ium chr ( j
mate, lead chromate, barium chromate, s t r o n -
tium chromate and sintered chromium tnox-

Hexavalent Chromium
The first cases of occupalional health effects from hexd-

valent chromium were reported m 1827 ( : 1 by Cumin, who
observed cases of skin ulceralion and dermat i t i s in dve
workers handling potassium dichromate. Mackenzie"1 in

(b)
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188-J reported ;hdi penorat'on ot the nasai septum oc-
curred m workers exposed to potassium bichromate- Da-
Costa et af* >n 1916 described chrome ulcers m tanners
and dryers Parkhursf i l in 1925 reported chrome dermatit i s
in blueprint workers exposed to potassium dichromate.
Bloomfieid and Slum"" reported on their study of eleciro-
platers exposed to acidic mis*, of hexavalent chromium
compounds They noted that 20 or 23 workers examined
showed evidence of perforated or ulcerated nasal septa
and skin ulcers (chrome holes). The Factory Inspectorate in
Great Britain'7 ' reported in 1930 on the results of medicai
examinations of 223 persons engaged in chromium plating,
42.6% had dermatitis or skm uicers and 52% had perforated
or ulcerated nasal septa

The occupational health literature affords abundant evi-
dence thai hexavatent chromtum compound? may cause
irr itant and allergic contact dermatit is, skin ulcers, and na-
sal irr itat ion varying from rhin i t i s to perforation of the nasal
septum Dermatit i s from exposure to soluble hexavalent
chromium has been reported in lithographers""*1 diesel re-
pair shop workers' 101 and feather workers.-' 1 ' S uble chra-
mates m cement have been stated to be the c ,<se of ce-
ment dermat i t i s in some workers | 1 :>

Attempts have been made to correlate the airborne lev-
els ol hexavaient chromium with i r r i t a t i on of the nasal mu-
cosa tn the study bv Sloomfield and Slum."" electroplates
were exposed lo est imated exposure* ranging trom 0 Ob to
2 8 mg m j (as O") . Levels ot Cr*>* in the form of chromi-
um rnoxtde , *ere capabie ot g iv ing nse to nasal i r r i ta t ion
at concentrat ions as low as 006 mg.m' M :«. d iff i cu l t to rule
out the importance of personal hygiene m the production
of nasa! svmptorm from direct Iramter of chromium (Cr* 1 * I
to the nasal mucosa Nasal irr itat ion is produced from ex-
posure to soluble chromate and bichromate sa l tv as weH as
to chromic acid m i s ! — ' 5 ' The sludy by the U.S . Publ ic
Health Serv i c e ' 1 4 ' noted that the mean concentrat ion ot
water-soluble chromium m plants where nasal i r r i ta t i on
was encountered was 0 068 mg m5 as Cr**

Epidomiological stud ies showing an .ncreased inc i-
dence 01 lung can c e r among workers involved in the man-
ufacture ot chrome pigments have been reported trom
Germans, n-' Sorwav ' " 1 and Untied Stales 1" 1 Machle and
GregonuS ' ' 1 ' f i r s t reported increased incidence of lung
cancer tn the United Stales chromate industry Baet ier '81

earned out a case control study and confirmed the in-
creased risk or lung cancer among the US chromate work-
ers Mancuso and Hueper09' attempted to estimate the a i r-
borne exposures to chromium m those who developed
lung cancer They fo.md that these workers were exposed
to 001 to 0 15 mg'm' of water soluble chromium and 0.1 to
058 mg'm' of water insoluble chromium The insoluble
fraction was denoted as Cr 1 * and the soluble as Ci*+ but it
is impossible 10 ass ign Cr** or Cr ' + exclusively to e ither
fraction

The chromate worker* m the preceding studies were
exposed to various Ou and Cr** compounds as well as to
other substances In general, the evidence does not suggest
lhat chromtie ore, a water insoluble Cr 3 * subsiance, is a
carcinogen. While the evidence is incomplete it does ap-
pear that certa in Cr* 1 * compounds, mainly water insoluble,
were involved in increased risk of lung cancer. The experi-
mental data from animals supports the view thdt water in-
soluble Cr** compounds, e.g., chromic and zinc chro-

( b j

maies, ar*-- ;aronogenic, whereas the so iuf .f- 'orrm ,r*-
not :J"" RG-. . e , - ' " 1 however, has reported an defense tn i^"*
and other cancers m chrome platers in England

Hexaviieni chromium compounds have been said '",
also cause Kidney damage tn workers'-J2Jl where absorb
lion througn damaged skin has occurred.

The TIAs for hexavaleni chromium compounds are rec-
ommended as follows:

(a) Water soluble hexavaleni chromium com-
pounds (see examples noted above; -\ TlA or

005 mg-rn3 as water soluble Cr** is considered
adequate to protect against irritat ion of the fe-
spiraiory tract and possible krdnev and liver
damage NlOSH m the criteria document o^
chromic acid1241 recommended thai occupa-
tional exposures be controlled to prevent expo-
sures above 005 mg/m l TWA In a later cr i ter a
document on hexavaleni chromium-51 S!O5H
recommended A permissible exposure l imit c:
0025 mg 'm 1

Certa in water insoluble hexavaient chromiu^
compounds (see examples noted above). A Tl .
or 0.05 mg/mj as water insoluble Cr>* and in-
sertion m appendix Ala is recommended. There
is unfortunately. Unit previous environment
aata from those exposures associated wi th ir-( ' reased resp iratory cancer r i s k . Wih the date
avai lable, however, rr, $ TIA provides an ade-
quate margin of safeH NlOSH recommendec
a permissible exposure hmd of 0.001 mg 'm1 to'
f .ertam insoluble hexavaieni chrorr .um con-i-
oounds '-'5I

"^<xed exposure to soluble and tnso^oie hexa-
• aleni chromium compounds A li\ of 005
mg/m3 as Cr*-* is recommended
Chromtie ore processing
Chromate pigment manufacture
n mav be advisable to list these process T L X s
Doth a^ 005 mg m j as Cr and include (hem <r
appendix Ala This TLV will serve to draw a t t en-
r -on to those processes where inrfeased r i s k o'
cancer has been assoc iated w i th cnroTnur-
compounds.

Chromium Metal
Divalent chromium compounds
(see examples listed earlier)
Trmlenl chromium compounds
(see examples listed earl ier)

Farly studies indicated that nvalent chronnum and d iva
lent chromium compounds have a low order oi tox icny l!t"
Dermatitis has been reported in workers handling invalen-
chromium compounds.'1^81

Chest X-ravs carried out in workers exposed to chromiie
dust have been reported to show "exaggerated pulmonary
markings'''^ 1 and Princief d/"°i have reported pulmonarv
disease in workers exposed to ferrochrome a'lovs wnh
chromium levels in air of 0 27 mg/m ! reported. Othei dusts
and fumes were present, however, m this plant. Exposure
lo chromium metal does nol give rise 10 pulmonarv dbrosis
or pneumoccniosis.

95
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Because ot the low toxiciiv of th" meta/ and its divalent
and 'nvalent connpounds, a Tl' o! 05 mg m l as Cr ts rec-
omrT^ended This TLV should be adequate to prevent pul-
monary disease or other toxic effect.

Other recommendations: Chromic acid and chromates,
as O, Sweden (1978) 0.0? mg/m*, Czechoslovakia (1969)
0.05 mg/m1; USSR (1976) 0.005 mg/m1. lower valence chro-
mium, Sweden O.S mg/m! for metal and compounds, as Cr;
USSR, chromic oxide 1 mg/m3, chrome alum 0.02 mg/m-»
and chromium trichloride 0.01 mg/mj, all as Cf
References:
1. Oiformom, Committee on Bio'og*cal Effects of Atmospheric

?* -Mutants,, National Academy of Sciences. Washington, DC
2.
3.
4.

5.
6.

7.

Cumin, W^ fdinburg Med. Sug I 25:295-312 (1827)
Mackenzie, |,N.: JAMA 3:601-603 (1884J.
DaCoita, |.C Jones, J.P.X., Roienberger, B.C.: Ann. Surg 63
155-166(1916).
farithurst, M.|.: Arch. Dermaiol Syph.lol 1^253-256 (1925)
iteotnfield, |.J., Slum, W-: Pub Health Rep 02330-2347
(1928).
Medical Inspectorate of factories: / Ind Hyg. 1/314-315
11930).
WcCord, C.P. Higginbotiom, H.C.. McGuire, J.C.:

10.
11.
IX
13.

levin, H.M. Brunner, M.|. and RaHner, H.: JAMA ?69S66-%9
(1959)
Wmston, |,R., Walsh, f.M.: /AVM M7 113M134 ( 1951 )
Morris, 6.E- ^rc/i /nd. Hej/.'/i ' 7368 -37 1 ( 1955)
Englcbrigtsto. J.K.: AcM Derm Venereal 32 462 468 ( 1952 )
VUehle, W., Gre^oriu*, F.; Puh Health Rep 6Jn 1 4 - 1 1 27

14. Fedwaf S^Kurity Agency: Health of Workers tr> Chromjie Pro-
ducing Industry — A Studv, US Pub. Health Serv, DIV of
Occupational Health (1953)

15. Cross, f., Koseh, ?^ /4rc/). Gewerbepath. Gewerbehyg '71&4-
170, Cermanv (1943).

16. Ungard, S. and Nots*lh, T-: Bnt. /. Ind. Med 32 62-65 0975)
17. Equitable Environmental Heilfh, Inc.; An fptdemiotogical

Study of Workers in Lead Chromate Plants, final report to The
Dry Color Manufacturers Assoc, Arlington, VA (June 25,1976).

ia faefjer, A.M.: Arch. Ind. Hyg. A Occup Med. £505-516
(1950),

19. Mincuso, R.F., Hueper, W.C.: Ind. Med. Sug. ^358-363
(1951).

20. Laskin, SM Kuschner, M., Drew, R.T.: Studies in Pulmonary
Qfcmogenesis Inhalation Carcinogenesrs, M.C. Hanna, P.
Nctiesheim & f.R. Gilbert, Eds., pp. 321-351 , US Atomic Energy
Commission, Oak Ridge, TN (1969)

21. Boyle, H.: fnv Res 7O39-53 ( 1975) .
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23. Hunter, W.C, Roberts, J.M.: Am. ). Pathot ^ 133-147 (1933)
24. NIOSH: Criteria (or a Recommended Stendard — Occupa-
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25. NlOSH: Criteria for a Reconmended Standard — Occupa-

tional fxposure to Chromium (VI) (1975)
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I

CHROMYL CHLORIDE
Chromium dioxychloride
oo:o,
TIV. 0^)25 ppm ( ^ 0.15 mg/m 1)

A dark red. 'ummg liquid, chromyl chloride ha* a mo-
lecuijr weight of 15492 and j wrctftc gravity or 1.91 at
25" C The freezing and boiling points arc -96.5" C and
116° C. respectively It is mucibfa with carbon tetrjchlo
ride and carbon disulftde. with wdfpr it reacts vigorously to
form C'Oi, HO OCh and O>

Chromyl chlonde is used m organic oxidations and
chionnations, as a solvent for CrO, and in making chromi-
um complexes and dyes.

NlOSH has classified th i s compound as an inferred car-
cinogen, with an occupational i-Kposure standard, calculat-

ed as Cr, of 1 j ig'nv. ' 1 ' The subcutaneous LDw in mice ha-i
been reported to be 5.45 mg/kg '-'

The physical and chemical properties of chromvl ch lo-
nde suggest thai it would belong m the group of soluble
dichromaies, CrGj, etc , whtch are considered {bv MOSH)
to be non-carcmogenic, ra!her than the sparingly soluble
chromaies that appear to have been responsible for mosi
chromaie worker cancers

The propsed TLV of 0.025 ppm corresponds lo 005
mg mJ o* Cr, the same as Ihe limit tor other forms or hexa-
valeni chromium, and twice the NlOSH recommendation
(or non-carcmogenic chromium It wou'd be lower than
the TlV's <or most oxidi^mg and acidic gases.
References:
1. NlOSH: Criteria fora Recommended Standard— Occupational

[xpjsure to Chromtum(Vt) H£W Pub No. (NlOSH) 76-129
(1975)

2. NlOSH: Toxic Substances Mr. p 145, HEW Pub. No (MOSH)
74-134 (1974).
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II
CHEMICAL NAME

i s A SYNONYM OF I . C -
/AIL/, SPECIFIC INFORMATION (BY 4-LETTER COWHAND, /HELP/, OR /NONE/,
ALL
<_
CHEMICAL NAME

i OMUL A
C1SH12

SYNONYMS
1. >BENZGPHENANTHSE*E
BENZ<A)PH£NANTHRENE
1 . 2 . 5 . 6-E'IBENZONAFKTHALENE
CHFYSENE
BENZO(A) f »ENANTHRENE
OHS26430

I-
I
I
I
Ik

NCNH E3TA5LISHED 'H £E COAL TAR PITCH VCLATILES;
ANIMAL CARCINOGEN C IAEC )
SUSPECT --UMAN CARC INOGEN ( A C G I H )
MUTA1EN 1C DATA (mZi
CEFCLA HAZARD PATINAS - TCX IC I TY 3 - IGN ITAS IL IT r 0 -

PERSISTENCE 3
IHMEMATELY DANGEROUS TO LIFE Oft HEALTH CONCENT?. AT ION

S P E C I F I E D

3 -

PHYSICAL DESCR IPT ION
CRYSTALS

CHEM ICAL AN[ , PHYS ICAL PROPERT IESMOLECULAR WE IGHT : 2 2 9 . 3 0BOILING POINT AT 1 ATM, F-* S39 FSOLU&IL IT I IN UA7EP, . G/ 100
FLASH PO INT . CLC::! '
. 'APCfc PRESSURE £? 20 C. MMHG: 0
MELT ING PCINT . F: 4St- F
U P P E R EXPLOSIVE L I * 17 IN A I R .
LO^EP: EXPLOSIVE L IMIT IN AIF . ,
S P E C I F I C

UP. F (OR OPEN CUP IF
INSQL
GO: I *CGfia'-?"'LE

PY VOLUME :
fcr VOLUME:

PHrSCiNAL PS:7ECTI ' ;E EQU• * o N IOSH/GSHA DATA; rEcc
P R E V E N T Sf ' IN CONTACT . UHERE SKIN CONTACT MAY OCCUR

UEAR IhFERVIOUS CLOTH ING
UEAR GLOVES
WEAR EACE3HIELD (8 INCH M IN IMUM )

CONT - IMFFS FCR STOPf i ' i E UNTIPLACE CONTAMINATE ! - C L C T H I f - G !N C L C :
LAUNDER 0?. lil^AK'El

!F CLOTHING 13 TO &E LAUN ' dEFED . INFORM PERSON PERF^ f lN j O P E R A T I O N CF
CONTAMINANT 'S HAZARDOUS PROPEFT IE :

GOGGLES
NO STANDARD REOu:?;:^. .^ PVT ADV ISE E' :T "P ^TECTTO^ TO
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*

*

EXPOSED F E F S 3 N TO FRESH A TR AT ONCE. IF PREATH lNG "AS STOPPED
PERFORM A R T I F I C I A L R E ? P ! P h r i G N . KEEP THE AFFECTED PERSON WARM
AND AT REST . GET r f ED ICAL ATTENT ION AS SOON AS POSSIBLE .
WHEN THIS CHEMICAL MS BEEN SWALLOWED AND PERSON IS CONSCIOUS,
IMMEDIATELY GIVE PERSON LARCE QUANTITIES OF WATER, AFTER WATER
HAS BEEN SWALLOWED . TRY TO GET THE PERSON TO VOMIT 6Y HAVING HIM
TOUCH THE **:1' OF MIS THROAT UITH HIS F ! *GER. DO NOT HAKE AN
UNCONSCIOUS PERSON VOMIT. GET MEDICAL ATTENTION IMMEDIATELY.'

3/c/

SKIN
RESPIRATORY SYSTEM

STATUS OF REGUU-TOfrY ENFORCEMENTO?HA STANDARD : °CFPi9io . i : oo HAZARD COMMUNICATION
REQUIRES CHEM ICAL MANUFACTURERS AND - IHf'^f .TERS TO ASSESS THE HAZARDS

OF CHEM ICALS UH ICH THEY PRODUCE OR IMPORT, AND ALL EMPLOYERS HAVING
WORKPLACES IN THE MANUFACTURING D IV IS ION , STANDARD INDUSTRIAL CLASS-
IF ICATION CODES 20 THROUGH 39. TO P R O V I D E INFORMAT ION 10 THEIR EMPLOYEES
CONCERNING MA^f cDOPS CHEM ICALS BY MEANS OF HAZAfD COMMUNICAT ION PROGRAMS
INCLUDING I .A&ELS . MATERIAL SAFETY DATA SHE-TS, TRAINING, AND ACCESS TO
WRITTEN RECOF I ' "
4RFR - , 3 : ?0 l l , :5 83
FOLLOWING 35HA SIANDAKDS APPLICABLE TO SUBSTANCES LISTED 29CF» i910.OTHERWISE ADVTGE : :
OSHA STANDARD : vCFR l? 10 . :0 ACCESS TO EMPLOYEE EXPOSL 'SE AND MEDICAL

' RECQf .E 'S
OSHA STANPA."! : ? C F R 1 9 1 0 . 1 3 2 PERSONAL P R O T E C T I V E E Q U I P M E N T
OSHA STANCE? : 2 ? C F S 1 9 ! 0 . H I SAN I TAT ION

OSHA STANL-AF : : ? cFP i9 i o . i s i MEDICAL S E R V I C E S AND F IRST AID
STANDARD : ?CFR19 10 . 133 EYE AND FACE PROTECTION

40CFPP F E C O R P S AND REPORTS CF ALLEGAT IC ' ' S THAT C H E M I C A L SUP3TANCES
C A U S E S I G N I F I C A N T ADVERSE REACT IONS TO HEALTH OR THE ENV IRONMENT

REQUIRES M A N U F A C T U R E R S AND CERTAIN P R O C E S S O R S CF CHEMICAL SUBSTANCES
AND M I X T U R E S TC KEEP F E C O f c D S OF S I G N I F I C A N T ADVERSE REACT IONS TO HEALTH
OR THE EWIF'O^ENT A L L E G E D TO HAVE &EEN C A N T E D BY A SUBSTANCE OR
MIXTURE. ERA hAl INSPECT AND REQUIRE REPGFT ING OF SUCH RECORDS.
4 9 F R 2 3 1 7 3 OS/: : 33
s u t STANCE L ISTE : TOVIC SU&STANCES CONTROL ACT IMVEN :GRY

RISK DOCUHENTAT IQN/ASSESSMENT IN DEVELOPMENT/PROGRESS CLEAN AIR
ACT ( C A A )
HON ITQR !N f j . ' L EVEL3 M E A S U P E M E N T COMfLETED/PUJ i L I SHED ENERGY
RESFAPfw AND r E ' ^ L ^ ' M F ^ T ACT f E P D A ^

M": ' C U - . '

F 'E - ' iULAT IOrJ FP n 4 i ! t . r iAT c r F E ; O U R C E CC' ^ERVA"^ ^ A ' l D PE' .WERY ACT
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, LL .VLLO nt sr^Li UULNN HLK
(CAA)

4 0 C F 8 2 G 1 . 2 3 < F > D ISCARDED COMMERCIAL CHEMICAL PRODUCTS, OFF-
SPEC IF ICAT ION SPEC I ES , CONTAINERS , AND SPILL RESIDUES THEREOF

COMMERCIAL CHEMICAL PRODUCT OR MANUFACTURING CHEMICAL INTER
MEDIATE IDENTIFIED AS TOXIC UfiSTE UNLESS OTHERWISE DESIGNATED
45FR33084 05/ 19/80

MONITORING/LEVELS MEASUREMENT IN DEVELOPMENT/PROGRESS CLEAN AIR
ACT -CAA )

LISTED APPEN'DTX A - CONSENT DECREE LIST OFINDUSTRIES ANP TOXIC POLLUTANTS. SETTLEMENT AGREEMENT BETWEENU .S . EPA iW NATIONAL RESOURCES DEFENSE COUNCIL , ET AtU .S . D I S T R I C T CC'JPT D I STR ICT OF COLUMBIA, JUNE 7, !97£ .SITE 3ER:: i : c . rrc irt. MOD IF I ED MA&CH 9, 1979, SITEON C:
S U B S T A N C E SUr . IECT TC REOU IREMENTS OF QENESAL INDUSTRY SAFETY ORDER
(G IS3 ) ^ 194 Or- TITLE 3 QC CALIFORNIA ADMINSTRATIUE CODE AND DIVIS ION 5,
CHAF-TER n .5 OF C A L I F O R N I A LAPGR CODE

: . AFFE^ r r x D - VATIONAL PQLLUWT DISCHARGE ELIMINATION SYSTEM
PF.RHIT A P P L I C A T I O N TEST ING RED 'J IPEMENTS
TAfLE IT - ORGANIC TOV !C POLLUTANTS IN SACH OF FOUR FRACTIONS IN
A N A L i S I S FT GAS C . - FOMATOGRr i f H i /hA5S S?ECTROSCOPY ( G S / M S )
4 S F R I 4 1 5 3 04 , C ] 33
03HA STANDARD : ? C F R 1 0 1 0 . 9 4 VENT ILAT ION
OSHA STAN I 'ARO : : -Crf : n i 0 . 1 3 4 F E S F I R A T O P r P R O T E C T I O N
4^CFP :7? , : - ? 1 TABLES OF MA^RDC'JS MATERIALS, THEIP DESCRIPTION,
PROPER S H I P P I N G NAME. CLASS , LAJEL , PACKAGING , AND OTHER RE-
C 1U IPEMENTS

DESIGNATED IN HA^RLOUS MATERIALS TAPLE AS HAZARDOUS MATER-
IAL ' UNDER N . O . S r .VTEGQRY) FOR THE PURPOSE OF TRANSPORTAT ION .
4 1FP IS?9G 04/ 15 •"'6
4 5 F P 3 4 5 8 8 C5/ : : ' ? : ( A M E N D M E N T )
45FR4S420 37 ' 10 " 30 ' A M E N D M E N T )
45FRG :OBO 0 9 / 1 8 '80 ^
4 5 F R 7 4 G 4 9 1 1 / 1 ^ 90 *
4GFF 17739 03. : r 91 (AMENDMENT)
4 6 F R I 9 2 3 5 03/30/81 (AMENDMENT)
SUP3TANCE L I S T E D f -ESOLPCE CONSERVAT ION AND RECOVERY ACT ( R C R A )
4 0 C F P 2 G I . 3 : EFA HAZARDOUS WASTE NO . K022 : D I S T I L L A T I O N BOTTOM
TARS FROM THE PPOI 'UCTION OF PHENOL/ACETONE FROM CUMENE. (T)
SUBSTANCE L ISTED RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)
4 0 C F P 2 G J . J . ? FK HA:41= roU= WACTF NO. K O O J : POTTOM S

f f
1 •••\

THT F'P' i r"

.M' i ! :

C O N ^ E R ' - ' M T I O N AND REC n VEPY ACT• • ; ' • ' .JA.TL N - \ j o : ^ : MOT . ' L L r r r j N I
" "(THAI. It ANH i nR I i i p PHi N( 1 . ' l i |TH,' i [ . rNi : . (T)

VM-MN i r . I - ! . ! AhTrlLfT L I l . ' K f : . ! ' . T ! f -G Of
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THIS SUPSTANCE TESTED FOR CAFC INOGENES IS &Y THE NAT IONAL
INSTITUTE OF ARTHRITIS, DIA&ETES, AND DIGESTIVE AND KIDNEY
DISEASES (

*
*

*

MEDICAL SURVEILLANCE KEOUIRED
NO NIOSH/OSHA DATA; ADVISE:
EKG FECOMMENPEP IF EMPLOYEE TO WEAR FULL-FACE RESPIRATOR
GENERAL MEPICf iL H ISTORY
4CCFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH Oft THE ENVIRONMENT

TOXIC SUBSTANCES CONTROL ACT (TSCA) SECTION 8 ( C ) RULE TiERUlRES
MANUFACTURERS AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES
TO KEEP RnCOFI-S OF S IGNIF ICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR
30 YEARS
48FR38I3" OB/:: . 'S3
49FR3C?: :5 OS, :0/S3 (EFFECT IVE DATE CORRECT ION )
PHYS IC IAN EXAMINAT ION
I NDUSTR IAL EXPOSURE H ISTORY
P P E - P L A C C M E N T AND ANNUAL EXAMS
MED ICAL WARN ING FOR REFUSAL OF MED ICAL E X A M I N A T I O N
ATTENTIC" TO SMOK ING , ALCOHOL , MED ICAT ION ' , AND EXPOSURE TO CARCINOGENS

NO FEDERAL AGENCi FE " ' J IPEMENT , I-JT DUE TO HAZARDOUS NATURE GFS U B S T A N C E , A D V I S E F O L L O W I N G :
HEALTH STATUC C L A R I F I C A T I O N
O S M A R E S P I R A T O R C E R T I F I C A T I O N 2 ? C F R 1 9 1 0 . I 3 4GF TRANSPORTATION IF OPERATIC HEAVY EQU IPMENT
EMPLOYEE HAZARDOUS MA i ER IALS EDUCAT ION RECE IPT
EMPLOYE MET 'CAL RECORDS RECEIPT

T G X I C SUE- S T A N C E S CONTROL A C T ( T 5 C A ) S E C T I O N 8 ( C ) RULE
REQUIRES *1ANMFACTURERS AND CERTAIN P R O C E S S O R S OF CHEM ICAL
SUPSTANCES AND M I X T U R E S TO KEEP f cECORPS OF S IGN IF ICANT
ADVERSE REACT ION? TO EMPLOYEE HEALTH FOR 30 YEARS .
CONTACT: JACK P. MCCARTHY, OFFICE OF TOXIC SUBSTANCES,
E''A ( 8 0 0 M 2 4 - 1 4 0 4 . 4 S F R 3 G 1 7 B 8/22/83

MEDICAL WARNING FHO'JlfcED FOR MtDICAL EXAM REFUSAL SIGNED
PY E M P L O Y E D

S P E C I A L D I A G N O S T I C TE =TS
^INE H C O M M O N iJ^E

' T^'T *J j r . -77 t! • - r -, ,-rr ; , C - - q
, 1 t^'i _ ; • , ; ! _ - n _ - . r - - . , r O M [ . f 'OL 'N l i A P l ' L ' L T T 1 . ' T l ' : ' - ^ c 'CTANCC r ( :"A r : ! . 1 ; . ' ; ; [ >L ' SE- : : ! • " • ; : • • ! 14 - - - ' . 'D lo.:^ 1 OR APJUSTCD UNDER SECT ION i o 2 ( A ) OF THE• ; : ip^nv"^!."; E-J • ;-^"/MENTAL RI^FJNSE. c?MprM3ATirN. AND L IABIL ITY ACTo r I?:-: -« . n f . v ' i - . ACTION? i o 3 ( A ) AND i o 3 ( & ) REQ I IPE THAT PERSONS IN
CHARGE OF • • " E3 . r L TP F A C I L I T Y FROM WHICH A HAZARPO-JS 3UPSTANCE HA'!
R£LKA-r.!.'. I ' r .A Qi«\'aiD-ifll̂ LIILflRJiIJiuIteI< - THAW
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A >A *AAAAAA "A i -A * * AAAA *AAAAAAAAAAAAAAAAAAAAAAA *AAAAAAAAAAAAAAAAAAAAA *AAAAA-A
DEPARTMENT " TRANSPORTATION HAZARD CLASS49CFR 17 : . :O i HAZARDOUS MATERIALS TARE
HAZARDOUS S:?STANCE, L IQUID OR SOL ID , N .O . S .OfcM-E
UN 9 1 8 8

DEPARTMENT C: TRANSPORTATION LABELING REQUIREMENTS
49CFR 173 .K - ! (SUBJECT TO ADDITIONAL LA&ELING REQUIREMENTS OF49CFR 172 . -502J

NONE

IN I I ^GnVEF.MMF.JT iT M,M rT T M r r f t rAi tTT^Tr . 14TO1? ' irV^rrn - ORGANIZATION HAZARD CLASS«-im?;!.ie: OPTIONAL HAZARDOUS MATERIALS TABLE
NOT L ISTED

F O L L O W I N G : > ! • -
HAZARD'S - i-
HAlARDOi j c - •

ORH-F
• IF MATER IAL G«

A EXT!?/; : _ . ICHIF MATERIAL IS9 A KEEP MATEF:,
A HilLD [ : T f r c

PERSONAL DA^JGEI
® A KEEP

A t'EAft
A A V C I D

• A Ui?N AWY f.
^?f U ITH CC-

A LAND SF ILL
W A DIG P l T t pQ, ( .

A CO'^Fv S O L I D S *
A IN RAIN OR f
» UATEP 3 F 1 L L

« IF ' ' i SSOLVEr .
AMOUNT AT 10

» * REMOVE
A USE .'ir::HA,'

^ '^ - : ' - L L u l ION

oN FPOM BUREAU UF EXPLOSIVES 'EMERGENCY HANDLING CFA L S ' :

STANCt , L IQU ID OR SOL ID , N . O . S .
F I f rE Cft INVOLVED IN F IRE :/~ ;NG s u r r f i&LE MATERIAL TO SURPOUNP FIRE
NOT GN f IPE AND 13 NOT INVOLVED IN FIRE:
L OUT OF UATER SOURCES AND SEWERS: o CONTAIN FLOW AS NECESSARY
S ITUAT ION PROTECT ION :

P R O T E C T I V E GLOBES AND GAS T IGHT GOGGLES
.'Nij V A P O S S OR DUST

MATER I-L WH ICH MAY HAVE CONTACTHP T'^'E
OUS COUNTS OF UATER OP SuA? AND WATER
TO NOL:>WITH A MASTIC SHEET TO PREUENT DISSOLVINGREF IGHT IVG WATER
- i ?FL f -CTU'ATEP CARSON At 10 T IMES SPILLED
PH OP GrEATEP CONCENTRATION

i MATEf t ^L WITH SUCTION HOSES
PPEPGE5 OR LIFTS TO REMOVE IMHCBIL IZED MASSES*JD PSSCIP ITATES

THIS * * ATCR IAL L I " .TED AS HAHAF.DOUS SUBSTANCE, AS DEFINED IN SECTION
P I ' 1 4 ' Of THE C :MFREH nN = IVE ENVIRONMENTAL RESPONSE , COHPEHS IAT ION , AND

r ACT C E P L L A ) PF 1900 , PURSUANT TO ONE OR MORE OF THEi , :

i rlr/'i! :' :" :r;' ' L l < L W l = E l-T!ON 3 0 7 ( A )A CLEAN AIP ACT r C A A ) SECT IOM i r
i* 1 Uy i;' : : • T *.i(-
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A COMPREHENS IVE ENV IRONMENTAL RESPONSE, COMPENSATION, ANU
ACT (CERCLA) SECT ION 102

EPA HAZARDOUS WASTE NUMBER U050
CHRYStNE

40CFR260 HAZARDOUS WASTE MANAGEMENT SYSTEM: GENERAL
PROVIDES DEF IN IT IONS OF TERMS, GENERAL STANDARDS, AND OVERVIEW

INFORMATION APPLICABLE TO 40CFR PARTS 260-365

40CFE361 IDENTIFICATION AND LISTING OF HAZARDOUS WASTE
IDENTIFIES THOSE SOLID WASTES WHICH AftE SUBJECT TO RHGULATI3N AS

HAZARDOUS WASTES UNDER 40CFR PARTS 262-:&5, 270, 271 , AND 124 AND WHICH
ARE SUBJECT TO THE NOT IF ICAT ION REQUIREMENTS OF SECTION 3010 OF THE
RESOURCE C O N S E R V A T I O N AND RECOVERY ACT ( R C R A ) AND IDENTIFIES ONLY SOME
OF THC MATERIALS WHICH AKE HAZARDOUS WASTES UNDER SECTIONS 3007 AND 7003
OF RCRA

40CFR2G2 STANDARDS A P P L I C A B L E TO GENERATORS OF HAZARDOUS UASTE
ESTABL ISHES STANDARDS FOR GENERATORS OF HAZARDOUS WASTE

40CFR2G3 STANDARDS APPL ICABLE TO TRANSPORTERS OF HAZARDOUS UASTE
ESTABL I SHES STn ' iDAK'S UM ICH A P P L Y TO PERSONS TRANSPORT ING HAZARDOUS

UASTE W I T H I N THE UN i r rD STATES IF THE T R A N S P O R T A T I O N REQUIRES A MANIFEST
UNDER

40CFR :G4 STANDARDS FOR OUNESS AND O P E R A T O R S OF HAZARDOUS WASTE
TREATMENT, STORAGE , AND D ISPOSAL F A C I L I T I E S

ESTABL ISHES H IN I h LM NATIONAL STANDARDS UHICH DEF INE THE ACCEPTABLE
MANAGEMENT OF HAZARDOUS WASTE

• 40CERM INTERIM STATUS STANDARDS FOR GUNERS AND OPERATORS OF HAZARDOUS
UASTE TREATMENT , STORAGE , AND D I S P O S A L FACIL IT IES

• ESTABL ISHES MINIM'J- : NATIONAL STANDARDS UH ICH DEF INE THE ACCEPTABLE
MANAGEMENT OF H A Z A R D O U S UASTF DUR ING THE PER IOD OF INTERIM STATUS

40CFP: f ,7 INTER IM S T A N D A R D S FOR OUNEf (5 AND OPERATORS OF NEW HAZARDOUS
UASTE LAND D ISPOSAL FAC I L I T I ES

ESTABL ISHES M IN IMUM NATIONAL STANDARD'S THAT DEF INE THE ACCEPTABLE
MANAGEMENT OF HAZARDOUS WASTE FOR NEU LAND D ISPOSAL FAC IL IT I ES

40CFRro EPA A D M I N I S T E R E D PERM IT P R O G R A M S : THE HAZARDOUS WASTE PERMIT
F ' P O G F - ' • "

VHn\'L\w- M"" " - ' ^ ' ^ FOP THE HA:Apf ' f ; " q UAG^F f ' r r " IT IROHRAH UNDER: E ' T . ' ! , . r ; j . T ' - r -:^i: u/^rr DISPOSAL H . ; T , AS AMCMED BY THE RESOURCEU L / A T I : ' A ; 1 - ' : . : V I ; RY ''^.T
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SPECIF IES THE PROCEDURES EPA W I L L FOLLC'J IN A P P R O V I N G . REV ISL ' j . AN
UITHPPAUING APPROVAL OF STATE PROGRAMS AND THE REQL' IREMtVTS STATE
PROGRAMS MUST «EFT TO &E APP&QVED BY THE ADMIN ISTRATION UNDER SECTION
3006 <B > OF RCRA

CAS NUMBER
218-01 -9

REGISTRY TOX IC CHEMICALS NUMBER
6G&700000

BULLETINS
SPECIAL INEOf.HAHCN
TYPE WHAT INFOPHATION YCU REQUIRE
/ALL/, SPECIF IC INFORMATION (BY 4-LETTEP COMMAND, / H E L ? . , OR /NONE/.
NONE
CHRYEENE - NO »CSE HITS IN DATABASE .
ENTER NAHE , K E i W O P D , SYMPTOM, STLA ? MAMEL IST , HELP, OR Q U I T .
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'ALL&f t I N A T U R A L C O P P E K
. I . 7 7 4 0 0
_ . I . P I G M E N T M E T A L 2
1721 G O L D
"OPPE f t DUST

OPPE f t FUME
C D A 1 0 1

DA 102
O P P E R - A I R B O R N E

L . Q P P E R - B R G N Z E
C O P P E R - M I L L E D

0 P P £ R S L M <3 - A I ft & 0 T- N £
O P P E R S L A G - M I L L E D

G O L D B R O N Z E
" A F A ? C O P P E K

A N E : C O P P £ P
L D A 1 2 2
0 H S C ^ 4 3 0

. . M I 5 S I B L E E X P O S U R E L I ill'
0.1 "1G / rt 3 J S H H T U M • r 'J PI E • - ; ;

.2 "i G - h j A r G IH ~ « A » r •_ •" £ - ,
E ? A 7 j'j £ "^ I I I[ A T A f* T H •. •

C " " 1 A H A Z -t R I' & H T I"' 'J r - T j * I ~_ ~
. c r r. IS T E r. C E J

HM TuiA - D U 5 T
C G IH IU A ' D U S T AND' i i j . n j

: J - I G N I r nE < LL ITV

l O X I C O L O G r : C O P P E f t M"ir; ArJ I ; " i I STS nft £ EYE AND M U C O U S r t E n & p A N E I R R I -
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Tfc<ii1i

DlB£NZ<a,h)ANTHRACENE
CAS RN: 53703 NIOSH
mf: CnH,,; mw: 278.36

HN 2625000

SYNS:
1 (:,5,6-DIBENZANTHRACEeN

(DUTCH)
1,2 :5.6-D1BENZANTHRACENE
DIBENZO(A,H (ANTHRACENE

is tox

1 •5000

i
5*i
eIEI
I

e ::s tox

9:5000

TOXICITY DATA: 3
mma-sat 10 ug/plale
tatc-ex 25 ug/w«ll
sln-dmg-par 5 mmol/t
mmo-nse 500 ppmdns-bmn'fbr I mg/L
(jns-hmn'hla 100 nmol/L
dnd-mi»:lw 6 umol/l.
(jnd-mus-skn 1 gm/L
mma-hani

:iog 56400 nmol/L
otr-ham^emb 2500 ug/L
rind-bam: for 5 mg/L/24H
eyt-ham'fbr 1 mmol/L
scc-bam-ipr 900 iti£/Vfc/24H
msc-ham^lng 1 mg/L
dnd-mam:tym 2 nmol/L
sflu-ral TD-:400 ug/kg/SOD-I: NEO
Ori-mui TDLo:360 mg/kg/43W-i PETAitn-mus TDLo: 1200 mfc/kg/SOW-
; I = CAR
scu-mus TDLo:78 ug/kg'NEO
ivn-mus TDLo= 10 mgAg:ETA
imp-musTDLo :80 mgAg :CAR
scu-gpg TDLo:250 mg/-kg/24D-

' I = ETA
ivn-gpg TDLo: 30 mg,'"kg ETA

—' '' mg/'1tg :CAR

;rr.::s very

imp-mus TD : 14 mg/1ig :NEO
scu-aus TD : l6 mg/lcg-N'eO
scu-rat TD = 450 ug,'lcg ETA
imp-mus TD: 200 mg/ Vg: NEO
sicn-raus TD: 6 ug/Tcg : N'EO

' scu-mus TD: 20 mg/"kg: ETA
sb-mus TD-400 rag,kg/40W-I:NEO
ifflp-mus TD - 100 mg/'kg : CAR

! JCu-rat TD - 1 35 mg/Vg/9W-I-NEO
'^scu-mus TD^4(
'ivn-mus LDLoMO

5 ug/lH-C
»b 360 firaol/L

|«r-ham:kdy 25 ug/L
^dnd-hsm-emb 360 nmol/L
L«b)d-ham: kdy 5 mg/L

CODEN:
PNASA6 72,5135.75
MUREAV 46.53.77
EJGCA9 4.400,75
ANYAA9 71, 1072,58
CNREA8 38.2091,73
CNREA8 38.2621.78
JNCIAM 62,947.79
CNREAS 27,1678.67
MUREAV 46,27,77
CNREA8 32, 1391 .72
BCPCA6 20,1297,71
PJACAW 53.46,77
MUREAV 66,65,79
PNASA6 73, 188 .76
JMOBAK 5.521 .62
85DLAB -.-,75
VRRAAT 20,276.38
14.rTAF -.275.64
JNCIAM 3,503,43
JNCIAM 1,225,40
BJCAAI 1 1 . 2 12 . 57
AKBN'AE 5 1 , 1 1 2 , 38
JNCIAM 13 ,705 .52
JNCIAM 32,905,64
CNREAS 24.1969.64
AJPAA4 16.287,40
JNCIAM 44.641,70
BAFEAG 30.66,42
AJCAA7 36.201 .39
CNREA8 20. 1 179.60
CNREA8 22,78,62
CKREA8 22.78.62
BMBUAQ U. 147 ,58
PSEBAA 68.330,48
UCNAW 2.500.67
JNCIAM 1,225.40
BIJOAK 1 10 . 159 .68
CBINA8 22 257.78
TOLED5 7. 143.SO
CBINA8 22.257.78
BCPCA6 20, 1297,71

L^fcinogcnic Determination: Animal Positive IARC**
^3,l7g,73. Toxicology Review: AEHLAU 23,6 .71 ;
"' {- MUREAV 39.257,77. Reported in EPA TSCA Inven-

tory, 1980. EPA TSCA 8(a) Preliminary Assessment
Information Proposed Rule FERREAC 45,13646,80.
""1: MUT data. An exper CARC, NEO, ETA. HIGHivn.

Uwaster Hazard: When heated to decornp it emits acrid
and irr fumes.

NIOSH #: HN 2800000: 224419
mw: 278.36

1 l t2;7.8-DIBENZANTHRACENE

DlBENZ{a,h)ANTHRACEN-5-OL 901

TOXICITV' DATA:
mma-sat 1 ug/pla(e
skn-mus TDLo-252

1 = ETA
scu-mus TDLo :4 mg/kg:ETA
skn-miis TD^ 1250 mgAg/52W-I:ETA
scu-mus TO: 16 mg/kg=ETA
scu-raus TD :4 mg/"kg:ETA

CODEN:
MUREAV 51 .3 1 1 .78
JNCIAM 44.641,70
JN'CIAM 1.45.40
PRLBA4 117.318,35
JNCIAM 44,641,70
JNCIAM 1.45,40

Toxicology Review: 85DHAX Pc,4,72.
THR: MUT data. AJI exper ETA.
Disaster Hazard: When heated to decomp it emits acric
smoke,and irr fumes.

1,2,5,6-DIBENZANTHRACENE-CHOLEIC ACID

mf: mw: 1848.92
TOXICITY DATA: 3
scu-mus TDLo'SOO mg/kg/9W-

I = ETA

CODEN:
JNCIAM 2,99,41

THR: An exper ETA.
Disaster Hazard: When heated to decomp it emits acn

smoke and irr fumes.
DIBENZ(a,h)ANTHRACENE-5,6-cis-DIHYDRO-

DIOL
CAS RN: 3719399
mf: C22H I602; mw: 3 12 . 38

NIOSH #: HN 42500C

CODEN:
CNFEA8 32 , 139 1 .72

SYN: DBA-5,6-C1S-DIHYDRODIOL

TOXICITY DATA:
otr-haci :emb 2500 ug/'L
THR: MUT data.
Disaster Hazard: When heated to decomp it emits acr
smoke and irrfumes.

l,2,5,6-DIBEN2ANTHRACENE-9,10-ENDO-al-
pba,beta-SUCCINTC ACID

NIOSH ?p: KJ 46300
mf: C26H 15O4 ; mw: 394.44
SYN: 7,14-DIHYDR07.I4-ETHANODIBENZ(A,B)ANTHRACENE-15,]

D1CARBOXYLICACID

TOXICITY DATA.
mmo-«c 2040 mg/L/4H
scu-tat TDLo-665 tngAg/50D-

PCARC

CODEN.
GENTAE 39 . 14 1 , 54
85DL ifi - . - ,75

THR: An exper CARC. MUT data.
Disaster Hazard: When heated to decomp it emits ac

smoke and irr fumes.
DIBENZ(a,h)ANTHRACEN-5-OL
CAS RN: 4002760
mf: CuHuO; mw: 294.36
SYN: 5-HYDROXY-01BENZ(A.H)AhmiRACENE
TOXICITY DATA: CODEN:
otr-ham:emb 1 mg/L
dnd-ham'kdy 5

CNREAS 32,1391.72
BCPCA6 20, 1297.71
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sar' • re <-:• '•"* h ighe s t dosed g'0'.jp \\e re elected ji-
:hoL,:p no h vo iog 'C changes were endem

i nha lat ion e*posurp of me rats 10 DB-U six hours da i f v ,
five oavs per week at 70 ppm tor one week resulted in the
death, oi one -31 , a 57% average body weight loss tor the
group, a two-'Old mrrease m liver and kidnev-lo-bodv-
weigh; rat io, a 10-fo ld increase in tola) serum h ' l i rubm, a
shg^r increase m cloitmg time and an elevated hemato-
cnt ' Inhalation exposure at 33 ppm lor one week resulted
in a 3% bodv weight loss, no signif icant changes m liver
and kidnev weights, slight increase m clott ing lime, but no
changes in serum bilirubm or in hemaiocrit Exposure for
27 weeks at 22 ppm DBAE resulted in no deferences »n ihe
variables measured compared with control

DBAE, as weti as DEA and other 2-ammoeihanols inhibit
aceMchotmesiprase m vitro, the degree o» inhibition being

d to the number of carbon atoms attached to the

nitrogen head 01 :ne ^^-f-( <,.• ^ Inu^ ObM •*• a "•"-_'
pcient mhibi io' than Dt~

in v iew oi the appfov-rate iv lO- 'o i r j g 'pa ier r o x > c ; ' v i
DBAf than DtA, whicn nas a TtA ot 10 ppm based o
irntai ion. and tn view ot the inha lat ion no-ne^/rn-prro,-
level of DBAE of 22 ppm a Tl\, of 2 ppm ror DBAE is re<-
ommended This l imit is betieved to be suthoent lv \o\\ f

proteci against svstemic enects Information is nor a^-o
able from v\hich to judge whether 2 ppm will cause i r f na
t ion A STEL of 4 ppm ts also recommended

References;
1. Hariung, R., Cornish, H.H.: fot ^PD' Pform 1^486(1968)
2. Smylh, H.F. Jr. ef j! 4"* Ind Hvg & Occup M#d /Ob

( 195-1 )
3. Cornish, H.H., DjmbrausUs, T., Beatlv, L.D.: 4m ind HV^ A'

SOC

DIBUTYL PHOSPHATE
Di-o-bulyt phosphate
( n -C4H9O)-(OH)PO
TLV, 1 ppm ( s= 5 mg/m j)
STEL, 2 ppm ( ^ 10 mg/m 1)

C4H?O OH

I
I
I

dmte r hq
/ar we-gh? of r?P J' 'f decomposes si i
100' C and .*:as a i.dpor pressure ot < 1
/s /nso'ub/e .'n wjfe ' and is J moderated

mo (

^ Hg jr ^0" C ,'f

It 'S encoume rec m i ndu s t r i a l operatuni as an organir
ca ta i . s : and an ant -oammg agt-nt

Although no publ ished reports have appeared on the
effects ot exposure lo th i b chemica l , some worke r s exposed
to -,: *^ave compia^t-d or ropiratorv t ra c t un ia i ion and

e at ' e ' d i u e ' v 'o^ leveK • ' '

A TLV of 1 ppm and a STF.L of 2 ppm are recommended,
but it ts possible that (his limit is not
prevent senvorv

References:
1. Albright Jnd Wilwin (Mfg.) limiled: Brochure, Oegjno

phorus Compounds. London England {November 1960)
2. M«lronutteo, t.: Personal comrrtuniCdl ion ic TtV

(19MI

DIBUTYL PHTHALATE
n-Butvf phlhalate; O8P
C6H4 (CO,C4H9 ) ,
TLV, 5 mg/m j

STEl, 10mg/m>

O-C4H,
O-CH,

Dibutyl phf/ia/afe* fs d toiorless, odor!e$>,, very
oily liquid with j molecular weight of 278.34 and 3 specific
gwity at 20° C of 1.Q4B4 It h#s a distillation range between
227 and 235° C, d freezing po,nt of-35° C ano* ̂  vapor pres-
sure o/ < 0.1 mm Hg af 20° C The closed cup flash point,?
315° F, juioigntnon temperature is approximately 75(7" F
and /s combustible It is tntscible with common organic
solvents, but insoluble <n \\jter

It is used as in insect fenpl lant lor the impregnation ot
cloihing ' • '

The acu t e oral i DS«J m the ral is 8 - 16 g kg VXhcn r j i s
were dosed twice weekly with dibutvl phthaljte (1 ml kg
of body weight ot a solui ron m ott) for a period of (> weeks
no adverse effects were reported. Another group ot raK
were tnamlatned on this regimen for 1 5 years wi thout anv
adverse effects on the parameters studied which inc luded
hematologv, palhologv of organ t issues , and organ
we igh t s 1- 1 Smi th * 1 ' reported the maximal concentrat ion
that did not inhibit giowlh ol rats m a chronic one-\edr
finding study was 025% of the diet. In vitro studies with

124
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pair'ea'ic I'pase indicated !hat dibuty! pnihalate is mera-
bohzea s>mnar!\ to fat m the dies, however, rats given di-
but\! p^tha'aie orally- excreted ihe monobu!vi ester as the

metabolite in the urine with phthalic acid as (he
metabolite ""

$ov=e< experimenters found15' 'hat a 2-hour exposure of
mice to an aerosol of dibutvl phthalate resulted in irritation
of (he eves and upper respiratory tract mucous membranes
at exposure levels around 250 mg.'m* At the higher levels,
labored breathing, afaxia, paresis, convulsions, and death
from paralysis of (he respiratory system. The LC^ (exposure
time not stated) was given as 25,000 mg/rrv>, and ihe
threshold for more sensitive r?sponses as 4 mg/m 1 , includ-
ing changes rn the numbers of (he formed elements of the
blood Similar findings from acute exposures of animal*,
either bv mhalaiion or (opicallv, were made by another
Soviet "n'esngator>i d'butvl, diethyl, dimethv! and dioctvi
phtha'a;es were considered nontoxic and nomrnrant ( l e v -
els not s'aied in abstract)

Cag . ^ no i • * ' reported thai a chemical operator who swa ' -
lowed bv accident 10 g (ca 140 mg kg) d ibutvi phtha'are
became nauseated and dizzv experienced photophobia,
Sacnma. ' ion and con junct iv i t i s , but made a prompt and
uneven ' ' j l recovery

in a o'ffhmmaft stuoS of exposure o' 150 to J50 workers
to vapors in ate mixtures of diethvl phthdiate , d ibu lv!
ph'hala 'e and d ' -2 - e t h \ i hexvl phthala ie . 19 pe'sonal a-r
sampler (co l l e c ted m breath ing zone of emplovees} , 4
hours djranon each, were taken o;er 8 different davs a! a
numbe' of locat ions m (he v i c i n i t y OF the operat ions The
results o: the a\r analys is ranged from i-6 ppm, (8- 13

rng m 1) in a diagnose mult -phas ic 'PStmg operator- , no
Dhihalarp^ ^ blood were 'ound before and after the phtha-
Mie exposure and no peripheral polvneuntis was observed
m the population.*

From the standpoint of hazard by inhalation, dibutvl
phthalale should present iittfe problem because o* low va-
por pressure, inhalation of significant amounts would oc-
cur only bv spray or mis! exposures. Us wtde use as an
insect repellent tor man during World War II resulted m no
report ot toxrc symptoms.

A TLV of 5 and a SIR of 10 mg/ml are recommended
for drbulyl phthalate based on its low order to IQIICUV
There are no reports that thts level will cause either irrita-
tion or svstemtc effects in workers

Inc SJ
References:
1. Mere* Index. 9th ed , p 202, Merck A Cu

0976)
2. Borntmnrt, C. et ai. Behavior ol the Organism as Influenced bv

Various Pla^ncizers Z lebens -Unters forsch 7 0 J 4 1 3 ( 1 9 5 b )
3. Smith, C.C.: Arch Ind Hyg & Occup .Vied 7 3 1 0 ( T 9 5 i i
4. Chambon, P. et at Etude du Mptabisme d?s Ph iha ld t e^ ae Df

butvie et ae Otethy le Chez !e Rat C K A(jtj >c/ (Di fPar,n

5- Vifonrn, A.P.: lh Kh>m Ab*tr. Ko 975^( 197.i }
6. Timofievilcaya, L.A.: AbstrdCl Trans rrorr Joksikol G-g Prod

\err?kh<m \eftekhim Promod 2nd Puoi . p 206 (I9~2i
7. Cjgijnat, 6.: Schweu Med Woch^chr 84 124} ( 1954 j
8. (taleigh, Robert. Or.: Personal communication to TLV CoTmit-

tee trom Easiman Kod-ik Co, Rochester . NV

DICHLOROACETYLENE
CIC^CCI
CEILING LIMIT, 0.1 ppm { % 0.4 mg. m3)

Dichioroacetvienc has 3 molecular wetgr<\ o' 9-J 93 r
nas a melting .'jnge fterween -6b jno* -0-J.'DC anc/ e«-
piodes upon boiling It is soluble in akohoi, e/.Vr and ace-
tone.

Oichloroacetylene mav be generated bv thermal de-
composition of trichloroethviene, as in the faulty operation
of tatalwic burners at befow optimal operating tempera-
lures (450° f) Similarly, in closed circuit anesthesia, ustng
tnchloroethvlene, sufficient heat and moisture may be pro-
duced from the soda-lime absorpoon of carbon dioxide to
develop fatal quantities of dichloroacetylene m coniunt-
tion with phosgene and carbon monoxide Mi Or dichloroa-
cety'ene can be synthes.zed by passing tnchloroethylene
over any one of several alkaline materials at a temperature
of 70* C.'3 '

Very preliminary exposures of guinea pigs indicated a
four-hour l,Cso at approximately 20 ppm, death occurring
two or three davs later from pulmonary edema A similar
exposure of rats indicated an LCw of 55 ppm dichloroace-
tylene m the presence of 330 ppm tnchforoethylene 1"

When mixed wtth 9 parts of ether, the 4-hour rat LCw
was 219 ppm, that for guinea ptgs, 52 ppm :t" With 7 parts

tnchloroethylene the 4-hour i.Cso for ra ' s was 55 ppm,
while wi th 10 oarts inch'oroethvleno ihe 4-hour LCjo for
guinea pigs was 15 ppm < h l

The s igns and symptoms ot dn.h acetylene response
are character ist ic neadache, loss of apoente. extrpmc nau-
sea, vomiting, involvement o' the tr igem ina l nerve dna ra-
cial muscie-. and the " l ight ing up" of laoa! herpes

Disabling nausea occurred among indiv iduals exposed
for prlonged periods at about 0.5 to 1 ppm oi dichloroare
tylene. Of those exposed, at least 85°0 were so affec ted : : i

A number of fata l i t i e s attr ibuted to dich loroace iUene
have been reported by Br i t i s h physicians m the 194GV* 5 '
Humphrey and McClel land'* 1 reported on 1 i cases or cran i-
al nerve palsy, 9 with labial herpes tollowing exposure to
dichloroacetylene as a decomposit ion product of tnchlo-
roethylene Other symptoms included extreme nausea,
headache, intense pain in the jaw and vomiting AM cases
showed a definite incubation period ranging from 24 hours
to three days One patient died on the third day and anoth
er on the sixteenth day with autopstes showing edema at
the base of the brain

Dichloroacetylene seems to hove a differeni order of
toxicitv than most chlorinated hydrocarbons A ceiling lim-
it no higher than 0.1 ppm appears necessary to prevent
disabling nausea and other more serious systemic ettects.
Whether this TLV is low enough to provide adequate pro-
tection against prolonged occupational exposure is uncer-
tain
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2,4-Dimethylphenol 367

i
Personal Protective Methods: Wear appropriate clothing to prevent anv pos-

sibility of skin contact. Wear eye protection to prevent any possibility of eye
contact. Employees should wash immediately when skin is wet or contaminated.
Remove clothing immediately if wet or contaminated to avoid flammahility baz-ard. Provide emergency showers and eyewash,

Respirator Selection:
25ppm: SAF/SC9AF
50D0m: 3AF:PD.PP,CF
Escape: GMSF/SCSAF

Disposal Method Suggested: Controlled incineration (oxides of nitrogen are
removed from the effluent gas by scrubbers and/or thermal devices).
References
!D National Institute for Oreuoatiorial Safety and Health, Criteria fora Recommenced

Standard: Occupational Exposure to HyOtazines, NIOSH Doc. No. 78- 172 , Wash-ington, DC 1 1978) .
International Agency for Research on Cancer. IARC Monographs on the Carcinogenic

Risks of Chemicals to Humans, Lvon, f = rance4, 137 ( 1 9 7 4 ) .See Reference (A-60) .
Sax, N. I . , Ed., Dangerous Properties of Industrial Materials fteoorr, 4, No. 3, 60-67,

New York. Van Nostrand RcinnolQ Co. 1 19841 .

12 }
13 )

mm

DIMETHYL METHYLPHOSPHONATE
O

n : ™*>'?C"> -s a colorless , 10u id whicn boi ls at I 60=C at 760
Code Numbers: GAS 756 -79 -5 RTECS SZ91 2000
DOT Designation: -
Synonyms: Phosphomc acid, methyl-, d.metnyl ester- DMMPv^h'î aT.,̂  a^:: s r i ine add r t : v e-
as an addiJe f^V^^rn^^^9,^1' " * """'^ '
Permissible Exposure Limits in Air: No standards set .
Permissible Concentration in Wate,-: Nc cr i t e r i a set .
Harmful Effects and Symptoms: DMMP , s not very=

ReferencGs1 1 1 u-
2,4-DIMETHYLPHENOL

• Hazardous substance (EPA)
• Hazardous waste (EPA)
• Prior i ty toxic pollutant (EPA)

000873



368 Hancbook of Toxic and Hazardous Chemicals and Carcinogens

Description: C»H|oO, HOCfiH^CH}^, is 4 colorfas* erystsfHne wfid meftingat 77* to 28fC. The 2,4-isomer is one of 5 isomers of this formula.
Code Numfc«r»: CAS 105-67-9 RTECS HE5600000
DOT Designation: —
Synonym*: 2.4-Xylenol; 1-hydroxy-2,4-dimethylbenzene; m-xylenol; 2,4-OMP.
Potential Exposure: 2 ,4-DMP finds use commerciafly as an important chemi-

cal feedstocc Tr constituent for the manufacture of a wide range of commercial
products 'or rcjstry and agriculture. 2,4-Oimethyiphenoi is used in the manu-
facture of pheno! c antioxidants, disinfectants, solvents, pharmaceutics Is, insecti-
cides, fungic ̂ es. oiasticizers, rubber chemicals, potyphenylene oxide, wetting
agents, arid rSyes tL-ff s , and is an additive or constituent of lubricants, gasolines,
and cresyl ic sod 2.4-Dimethyiphenol (2,4-OMP) is a natural ly occurring, sub-
stituted oh £""-;i -rgr-ved from the cresol fract ion of petroleum or coal :ars by
fract ional d;r r ! 9 r r 0 n ancj extract ion with aqueous alka l ine solutions. It is thecresyftc acid 0' *sr acid fraction of coal tar.

Workers nvo iv^r j in the fractionation and dist i l lat ion of petroleum or coa ;

and coal tar cruets compose one group at r isk . Workers who are in term i t-
tent ly exoose-: ••; certain commercial decreasing agents contatmng cresol may
also be at nf Cigarette and mari juana smoking groups and those exposed to
cigarette srrc"° rhale pg quant i t ies of 2,4-dimethylphenoi . The National In-
st i tute for Cc^oat onaf Safety and Health has est imated that 1 1 ,000 peooie
m the Un i t e -2 Stares are occupat ional ! 1/ exoosed to cresol containing 2.4-d ; -methylpnenc .

Permissible Exposure Limits in Ai r : No standards set.
Permissible Concentration in Water: To protect eshwatei aouat ic I tfe-

2 . 1 2 0 ;jg/5 on an acute toxicity basis. To protect saltwater aquatic ' i fe-no cr i -
terion estabh^ei j^e to insufficient data. To protect human heaith--n view of
the re lat ive pauct/ of data on the mutagemcity, carcsnogenicity, teratoger. ic ity
and long term orai toxicity of 2,4-dimethy'pheno*, estimates of the effects o»
cnromc oral exposure at low levels cannot be maae '.vith any confidence. It ps
recommendeu :^gr studies to produce sucn information be conducted Satore
'un its in annk rq .vater are establ i shed. A cr i ter ion of 400 jq;'< is suggested byEPA (1) on an o^gdnolept ic basis.

Determination ;n Water: Pvlethyl chloride extraction followed by gas chrom-
atography with ' lan^e ionization or electron capture detection (EPA Method
604) or gas chromatographv plus mass spectrometry (EPA Method 625) .

Harmful Effects and Symptoms: 2.4-Dimethyiphenol appears to be a too ;C3l
cocarcmcgen, M,I ts roie as a pr imary cancer-producing agent is uncertain. Its
potential role > ; . career production warrants cons iderat ion of further test ing. An
in vi tro mutar j ':r..r;ity assay should be carried out :o further evaluate its muta-genie potential

Disposal Method Suggested: Inc inerat ion .
Reference
ID U.S. EnvironTiBntai Protection Agency, 2.4-&im6thytphenoi: Amtiisnt Water Qual-

ity Criwa W3ir<ng»on, DC ( 19801 ,
ID U.S. Entfiromn*ntal Protection Agency, 2,^-O;methyif)henol, Health and Environ-

mamal 6M«w Profila No. 87, Washington. DC, Office of Satid Wasie (Apcil 30,1990).
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con
four ot sn rats S'gr* or gross ovprexposure were .
degrees o> jfaua, pfQstrai ion. and respiraiorv distr
(owed bv r a 'cos < s Tr>cse mat turvivw) appeared fo '
without Signit-cam s.gns or enposu'e '''

Shell OefTt'ca1 Corporation-^ present* t«e "T
observances m respec* ro sensory response! repo
unconditioned personnel during or lolloping 5-mn"
posu'es 10 the vjoof

Threshold odor 6
50% Threshold, eve imiaiion 50
50% Thrvsftoid. no*e "ntitfon 50

NO incidents ot ifln«i caused bv mdusrnM handi
EAK have been reported Workers mav complain o

ed bv
'e *«-

ng or
odo.

ETHYL BENZENE
Pbenvlethvlene
C,H.,
TlV, TOO ppm ( 5= 435 mg/m> )
STEL, 125 ppm ( ^- 345 mg.m 1 )

o: J Sfl.'/o
.':?a C r1f

•*? j

3'0

o /> d/ 'J6. ' SC
' d>o cfJ'T ' 5J
•> J r .re ' S* '
vd/pr jr *5 * C ; lOOrni; Oo.' >

--;< s ' ; 'e"e

""" Ou j 13 ; ~P
")rr*> t - ^ rO ' ; a ' i o r t a

or :n
n '-(.• o\es and ro*e 'Me vjpor Jf 500U pom r

i p f j L - ' e T^ ia ' ton at -000 opm eve -mutton ana
ia ie jntl \pvpre and J^P accorrioani

ff i tano" decreas ing somewnat in ;
( 'OGO DD.TI "• 'nanon ana tear ing . bu(
joialv. and JE AXJ ppm. the vapor f.as a

on human eves'
benzene, .is acu-e 'ox iotv is iov.. the dose 10

gu*nea P'gi »r> j iew mmutes was 10.000 opm'J< and 5000
ppm dangerous io life »n to 10 hO minutes, animals dying

and trans ient eve irritation when nandled in poonr
fated areas when the concemrjf.on etceedi 25 oum but
experience shows that trans ient -esoonsei do "Ot lead to
significant svstemic effects. !"

Accordingly, rhe TlV ot 25 ppm rs recommenaed as a
comtorr level for unconadioned

Reference*;
I. $C 57 J9. Shed Oi

non
fromQ

Corpora-

i^^ii C"tfTi'.
Corpo'

• .c'?'ema
>vas T ^ '

.vn .cn -.'--O'.'.ea a
ess and , i« .e ' s cn
'or ifj^ "avs '

o ejects .n an ioec'ei e»ceo: :^e
r .r>crej if in trie vve ig" ' s or ;-e

e"fC( ' SVP - ^r crvcn c

p. i j ; i ^ \B ' s ^ ' c aMCir i j o s ' "X ' : v ^^a^ ' ceat : e -* . " d"3 e>e
.rr -ar G- 1 r^p "l\ must tie n<ji«?'j -:" "-p aiie' e"^^!) '"or
"-e crp\e" { i i j " o' oisagreearre "nta 1 on

and a 5'£L ur 123 ucm arc 'ecomri-t
roc or-imonna' iO'-s Off -'is

Pj iana i 'u"i .5 ocm

-3 Vol1, Gtrirdf. M.W.: tnauwrw Hig,en~ A ,' j
ii p 1231 iftersoence. NY (i%3)

1 W«W. M.A. et il 4rcn (rtd fe^ith 'Jjf l
J. Oettel. H.; ̂ <-cn txo Pah P*jrmjk JflJ Ml ('
4. Vim. W.P., Schrenk. H.H^ Wade. C.P., (*attv. f .A.:
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Smaller Giameter fibers have the ability to penetrate to the alveoli. This po-
tential is cause for concern and the primary reason that fibers 3.5 ̂ m or smaller
are subject to special controls. Experimental studies in animals have demon-
strated carcinogenic effects with the iong (greater than 10 ̂ m) and thin fibers
(usually fess than 1 ym in diameter). However, these studies were performed byimplanting fibrous glass in the pleura! or peritonea) cavities.

The data from studies with these routes of exposure cannot be directly
extrapolated to conditions of human exposure On th« basis of availaole infor-
mation, NIOSH does not consider fibrous glass to be 9 substance that produces
cancer as a result of occupational exposure. The data on which to base this
conclusion are limited. Fibrous glass does not apoear to possess The same poten-
tial as asbestos for causing health hazard. Glass fibers are not usually of the fine
submicron diameters as are asbestos f ibr i l s and the concentrations of glass fibers
in workolice air are generally orders of magnitude less than for asbestos.. In one
study, glass fibers were found to be cieared from the lungs more readily thanasbestos.

Medical Surveillance: NIOSH recommends that workers subject to fibrous
glass exDosure have comprehensive oreplacement medical examinations with
emphasis on sk in susceptibil ity and prior exposure m dusty trade:. Subseauent
annual examinat ions should give attention to the skin and resoiraiory systemwith attention to pulmonary 'unction.

Personal Protective Methods: Protective clothing shall be worn to D-event
f ibrous giass comae: witn skin especially hands, arms, neck, and underarms.
Safety goggies or face shields and goggies snail be worn aurrng tear-out or blow-
ing operat ions or when acpiytng fibrous glass materials overhead. They should
De used in ail areas where there is a likelihood that airborne giass fibers may
contact the eyes. Engineering controls should be used whsrever feasible to main-
tain fibrous glass concentrations at or below the prescribed limits. Respirators
should only DC used when engineering controls are not feasible; for example,
in certa in ncnstationary operations where permanent controls are no; feasible.

Respirator Selection: See Reference (2) .
Disposal Method Suggested: Rorcus glass waste and scrap should be col-

lected and disposed of m a manner which will minimize its disoersal into the
atmosonere. Emphasis should oe placed on covering waste containers, proper
storage of materials, and collection of fibrous glass dust. Cleanup of fibrous glass
dust snouid be performed us ing vacuum cleaners or wei Clean ing methods. Drysweep'ng spouse! not De performed.
References
' UN a t c r . a i ' " S T T j f e fo.' Crrucat . 'ona i Sa*e:v and Mea ' t K . Occuoanona' E*DOiur* rn F>~

Orous Giau: A Syrnoosiurn. N IOSK Doc. No. 7 6 - 1 5 1 ( 19 " '6 < -
12) Nat iona l Inst i tute for Occupational Safety and Health, C'ttana f<*r a Recommended

Stanford: Occupational Exposure to Fibrous Glass, NlOSH Doc. No. 7 7 . 1 5 2 i i g??) .
(3) National Inst i tute for Occupational Safety and Health, Criteria for 9 Recommended

Standard: Occupational Exposure to Cryttai.'ine Sihca, NIOSH Doc. No. 75- 120 ,Washington. DC ( 1 9 7 5 ) .i FLUORANTHENE
* Hazardous waste ( EPA )
• Priority tox.c pollutant (EPA)

I
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454 H*«>db0Qk of Toxic tna Hazardous Chemicals arq Carcinogens

Detention: Fiuoranthene, C t«H|0 has the structural formula:

It melt iat IH 'C.
Code Numbtn: CAS2G6 44-0 RTECC LL4025000 UN none
DOT Designation /?jSynonyms: idryi; b-en*o( jk ! fluorene, 1,2 rjenzacenaphTn-ne. 1,2-0,3 n

Potential Exposure: Ruoranthene. a polynuciear aron-vc lydrocarDcn. s
produced from the pyrolytic processing of organic. raw mar^nais such as :oal and
perro*eum 31 h-qn temperatures. It is also known to occur "^rurally a* * croquet
of ptanr foiosyntnesn. Ffuoranfhen? •! uhin'rro'js >n thi» n-ivira^fne^' ma hai
been detucied m U.S . a*r , m foreign and fJom»itic dr ink ing .vate^s and n fooo-
stuffs. It ii also coniainpd m cigarette smoke

Individual living 'n arpjj *vtnch ar« h»avHy 'prjustfafi/^d. jnd .n wn c*i large
amounts of fosni fuels are burned, would he fxoected TO na^A greatest exposure
from ambierr sources of fluonnthene In a']di: on, c^r 'a .n occupat ions (e .g . ,
co> <e oven workers , ste« 'worker j , roofers, automootte rr\f«r.nan>cji would also DC
•xpecred to njvt elevated levels of expowe f«Mttv# to the -j^neral popu'at.cn.

e to fiuoranthene will b« contif(«>f»otv 'ncreav»a among :ooacco
or those who are exposed to smokers in cicierj *nv<ronme"Ts f i .e . ,

indoors!.
P«rmisitble Expoiure Limiti m Air: No standards set.
Determination in Air: Collect ion on a Mter, e *tM(, :o i .vith se-i^ene.

cnromatoqraonic teoaration. sp*ctropnotom#tr:c analysis !/• "Q i .
Permissible Concentration in Water: Th* ontv -xutirq i'3-:dard A(TC- Mk«

f'uorantnene into constdefatior1 n a dnnk'ng water standacrJ V;r PAHs. T"» 1970
Wo*-(d Meal'h Orgar^ation £uroo«an Standarrli for Drink ing .'nater recommends
a concentration of PAH* not exceeding 0.2 yg/S. This recommended standard ts
based upon the ariafysu of six PAHs in dnnkinq wafer as follow?: fluorar^ene;
benzo[al pyrene; ben^oigrvj perylene; ben^oibi fluorantr-ere: bcnzo[k| fiuor-
anthene; and indenol 1,2,3-cdJ pyrene.

More recently EPA has estaoiished ambtent water crnef- ia is foiiowv 'o D'O-
tec: 'reshwaier juuatic life. 3,980 ug * ba«d -;n acute to« c r/ To protec* ;alt-
water aauatic life: 40 yg.-S based on acute tox'oty and 16 yq i based on c'ro
toxicity, To protect human health 42 ug,S

Determination in Water: Methylene chluf.'-je extraction 'otlowed cv ^
pressure liquid chromataqraphy witr. fluorescence » UV detection, ir
chromatography |EPA Wemod 610 ) , or gas tnromatoqratiny plus rn«i
trometry (EPA Method 625).

Harmful Effects and Symptoms: There is concern about the toxicity of
fiuoranthene because it is widespread in Jh« human environment and belongs to
a class of compounds ipolynuclear aromatic hydrocarbonil that contain numer-
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ous potent carcinogens, Experimentally, fluoranthene does not exhibit prop-
erties of a mutagen or primary carcinogen but it is a potent cocaronogen. In the
laboratory, fluoranthene has atso demonstrated toxicity to various freshwater
and marine organisms. This finding, coupled with the cocarcinogenic properties
<5f the compound, points out the need to protect humans and aquatic organisms
from tne potential hazards associated with fluoranthen* m water.

Disposal Method Suggested: Incineration.
Reference*
f l 'U.S. finvironrnt-ittl Protect io* Ajenev. Ffaor*nrfit*t: Amb-eit W»ttr QuitiTy Cnttnt,

W«r.ngton.DC (1980).
12) LJ S. E-viror~»ntJl Protection Ajencv. FtuorgftttrerHt, M«ifh tfid Erv(ror"T>*m* Ef-

Pro*,'* No. tC3,Off ic *of Solid W«re, vVwhrngton. DC IAor.1 30, 1980).

N-2-FLUORFNYL ACETAMIDE
' HHS -NTP l 'A-62 , A-64 .

Descr-otton:

Cod* Numbers: CAS 56 96 ^3
DOT Des ignat ion: —
Synonvms: T-Are ^ , a-ri. ' ,-f ̂ -^-^^s. AAr
Potentfai Expoiurc: r-AotYiaminofiucrer.e lAAF

as 3 pe;: c ::? , o«t it ^vas never
ca*c 10361 c .

AAP s jsea freauenvy by r,
o^ ^?- en;, — tes 2ia tre carcinogencitv

neted because this
intended to D« used
eat was found to be

< jrc t e chn i c 1a "5 enaaoed in :re st^'dy
morageniC!*/ 3f aromattc amines as

a 3o> ' t ./e c^-vo 1 Th«refof9. these oersonj ff*a/ D« expose',' r<> AAF.
AAr -s 3 . s r r '3u t e d bv sevfai co^oa^.'es *^at deai -.' '.-,".<., A :v ch?r^ ca i s . l^*fT"*"3t o" c r '3 - r e d f*o .Ti !^es^ ( j 'S t * :D« rTO' s "•^."ates :^ia: -^AF •< , <npor:e2 from

E--oce - 1 r i ses ' cre.T5.cai O' i t r^DuTor ne^ss 5Dproxi"reiv 9 !b o* AAF n
-:;;- 7^^ :-*T^.ca: :s jsud;. 1 * to d rn ' •. 5-. z* 25-g oua1 •.' es. Basec c~ :r.is .n-
'o^ar.on - s est .mateo 'nat :hp torsi U.S. u>ace >s less ;-dn 20 !b pe^ ,ear .

'-'•jr-a" fxooiure :o AAF nay occur tnroijg.*! inna iaVon and skin aosorp-
L . D - . Tne occupations at greatest risk tc AAF exposure arp organic cnemists.
c^?— 'cai stccn^oom ,vorke*-s. and S-omedicai researcnsr;. Aithoug^ -eitMer
NIC3H nor OSHA has estirnatetJ the numbe' of U.S. wooers exoosec :o AAF.

few**1 than 1 ,000 workers in 200 taoora'cnes may "ome in co^'aoi

Permuiibie Exposure L«mtti in A;r: No i:andards se t .
Permissible Concentration m Water: No catena set-
Harmful Effecti and Svmptoms: Incorcarat.on of t s compound i feed

X

( I I .
ea increased incidences of mahgnant tumors »n a variety of organs in pe rat
Long-tern-, studies in which mice were given 2-acetv'an^nafiuorene -n thetr
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I Fluorescein Sodium 4042
Cry*1*1*' mp I&3-I64.5*. Soly in water at 25*: 80 ppm; |

^""-J m ««to*̂ i ethanoi. tsopropanol, DMF and other organic t
rat*, dogs- 89. > i 0.000 ;

Herbicide.

"* ,«A«iF"''"*""'*a; ^•f'diehtaro-4'-/luoroiltioearhaniiide.TrHCl,FNiS; mol wt 3 15 . 2 1 C 4953%. H 2.88%. a
Z JlSffZ* F 6 03%. N 119%. S 10.17%. Prepd from /vfluoro-
•£ _taiy! »»oihjocyaiwie nod 3.5-dichlofoaniline or from 3.5-
*• JMhioroPn£ny| isothtocyanate and ^-fluoroaniiine: Bclg,Madan). CA 58. 474f (196.1)

from «thano4, mp 148*
mynsutc.

pifiA/ CAT Ajiuftutial.
Soluble in ethyl oleate.

403S, 2'Fluorenuuac. 2-Aminofluorene. C tJH t |N: mol
1 1 1 23 C 86.15%. H 612%, N 7.73%. Formation from

K.uh.i. Ore- Syn. 13. 74 ( 1933) .

Needles from dil aic- mp ! 3 1 - 1 3 2 * uv max- 284 nm.
Addn compd with ryn-tnrmrobenz«ie. CrtH,,N4Ot. mp

& IH.\ 15"-5f"X* 403*. 9-Fluoren»iK»e. 9-Aminofluorene. ^jHjjN. mol
.-* « 18 1 .23 C 86 15%. H 6 12% . N 7 "3% Formation from
* ffeorenone oxime: InfoU. Wilson. J Cherry Soc. 1933. 14°3

*v Crystals from hcjcace. mp M-65*.
^. Hvdrochlondc. C^H^aS. dec 25^

IS; ficrai«. C^HnN'.O- mp about 24O*
4037. Flaorene. ».Btpnenylcn«neihane: diphenyiene-

7 CMthane; :.2'-methyi«ieb!phen>l C,,H,e; mol wt 1 6 6 2 1
j C 93 94%, H 6.06% Occur* 111 coal i«r (aboui 16%). Isoin
7 Kniber. Btr 70. 1556 < 1937 ) . Also found in coke-oven tar:
-jW«ii. Do*ns. Ind. Zn* Chem. IS. 1022 U923> . From
\ tcetylene and hydrogen in icd-hoi tube- Mcyer. Ser. 45,
;jt«09 (1?!-). Mever. Taege.'. Ber. S3, S 2 6 1 O921 ) . From
- _ ciwrcoai r>v boiling wnb fummg HNO,. Dimroth. Kerko-
: wias. Ann. 399, 120 ; i 9 1 3 > From 2.2 -dibromodiphenyl-
I ncibane oo boiling witn bydraone hydrate in presence of
jW: Dutch. Weber. J Proki. Chenv [2] 146. 47 ( 1936) .
S. Reactions; Rievescbl Jr.. Ray. Cfum. R*v. 23, 287 ( 1938) .

white leaflets or flak«. fro»n ale. d 1 202. Sub-
easily in high vacuum mp l l f e ' 1 17 * bp 293* Ab-
on spectrum. Mayneord. Roe. proc. Ru? Soc. London

634 ( 1937) . Freely sol in glacial «c«tic acid; sol in
ether, benzene, hot alcohol. Soly data:

imer. /. Am. Chtm. Soc. 4S, 633 ( 1923)
1.3.5-inmirobenaene. 2C13H1.-3C,HrP**lfts' m*» '05* (also 3C.,H1..4C,H.-

Compound with pieryl chloride. Ct]Hn.C;H]N]OlCl,crystals, mp 70*. n rr • i J •

Compound with p«cnc acid. C^HuNjO^ reddish-brown
pnsmt (unstable), dec 8O-82*.

4038. 2,7-Fluorcnedi«mi«e. 2.7-DiammofIuorene. Cu-H,,Nr mol wt 196.2* C 7956%. H 6.16%, N 1428%.
Prepd by nitrating fiuorene ana reducing the 2.7-dimtroflu-
orene formed with tin and hydrochloric acid: Schmtdt. Hin-
derer. Btr. 64. 1793 ( 1931 ) .

Needles from water, mp 165*. Slightly sol in cold water,
more tot m hot water. Readily >ol in ale.Hydrochloride, CuHuNrHO. ctyitalc. readily sot in hot
water.

USE: Detection of bromide, chloride, nitrate, persulfate.cadjnium. copper, cobalt, zinc.
4039. ,V»2-FtBorenyfaKet«mf(le. N-9H*Flttortn-2-ylaea-

amide: 2-acetylaminofluorene; AAF: 2-FAA. C1SHSJNO;
mol wt 223.26. C 8069%. H 5-87%, N 6.28%. O 7.17%.
Synthesis: llayaahi, Nakayama. J. Soc. Chem. Ind. Japan
[Suppl}36. 127B (1933) Toxicity studies: Haley ei at. Prac.
Stx. Exp. BioL Med. 143, 1 1 1 7 ( 1973); 146, 648( 1974) .

Crystals from alcohol •*- water, mp 194* uv max. 285
nm Insol in water: soi m alcohols, glycolt. fat solvents

Caution: The PDA has declared this subsume* a car-
cinogen.

4040, Fluorestein. J'.ti'-Dihidraxyspirofisobtnto/usan-
l<3Hl,9''(9H]xant^t»!-3-ane; 9-(o-carboxyphenyl)-6-hy-
droxy-3H-xanth*n*3-onc. 3' .6'-dthydroxyf luoran. 3 ' .6 ' -
Huorandiol. 9-(o-carboiyphenyl)-6-hydrony-3-isoxanthe-none. resorcmolphihalan; C.l. Acid Yellow 73. C.I 45350,
D A C Yellow no. 7. C^H^O,; mol wi 332.30 C 72.28%.
H 3.64%. O 24 07%. Made by healing phihalic anhydride
with resorcinol: Fischer. Oollmann. / Praki Chem. 104,
523 (1922); McKenna. Sowa. / Am. Chem. Soc 60, 124
( 1938) . Structure; Ramart-Lucas. CompL Rend. 205, 864
( 19371 ; Nagase ei ol. J. Pharm. Soc. Japan 73, 1033. 1039
1 1953) .

Y«llowish-r«d to red powder, mp 3 1 4 - 3 1 6 " tn sealed tube.
with decompn. Insol m water, benzene, chloroform, ether;
tot in hot alcohol or glacial acetic acid: also sol in alkali
hydroxides or carbonates with a bright green fluorescence
appearing red by transmit led light. Absorption max: 493.5 .
46O nm. LD orally in rabbits: 2.5 g/kg.

USE: Set Fluorescein Sodium.
THERAP CAT: Diagnostic aid tcnrneal trauma indicator).
4041. Fliiorcscein Paper. Z^llners paper Paper

charged with a black, substantive, neutral dye. [hen impreg-
nated with a fluoresAein soln and dried Prepn • nd applica-
tion: Zellner, Cer. pal. 124,922 ( !90I ) . Chem. Zentratbi
1901. It, 1032; Pharm. Zenwalk. 1901, 521 ; 1902, 297. £.
Merfk i Johresbtr. 1901. 1 6 1 - 1 62 .

USE: Exceedingly sensitive to alkalies (1:3.000.000) and
particularly to ammonia (h5.OOO.CKK}) m spring or well
waters; usable with dark or strongly colored hqs.

4042. Flnorasceio Sodium, Soluble fluoresc«n. resorcin-
ol phthalein sodium; uranme: uramne yellow; C I. Acid
Yellow 73; C.I. 45350. CMHwNa,O§; mol wt 376.27. C

Consult the cross indfx btjare using this scctian. Page 537

JC
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N
NAPHTHA
<*e. RUBBER

NAPHTHALENE

TlV, 10 ppm ( % 50
STEL. 15 ppm ( * 75 ntg/m't

me»rs ar
ar J53 C
oo«nr ̂

it < j , s-

occu'5
srro«ff coa/ (df ocw/ 'f 'ids a

wevtfnr o/ '.?S J>> ana a soeatic grjutv or 1 i-*>
SO^* C Oo>/s < i/ *T~%*Cjncn^s
or dOpro*'/nd/e/v 008" IT/" He The oocn CUD
f "6 * f «in0 closed cue <i W f irsoruDie -n
iOKPJ ;n mosf orgjrnc SOfWVS

Crystall ine naonihateoe ftno* household use as a month
sc ient if ic use '^ sc in t i l l a t ion counters n PS an
raw matenai 'or the manufacture or phiMahc

. naonthoi ^varonge^atea napntnaienes and
hatoeenated naontha'enes. it or as der ivat ives are env
O'ovpo in dves exoio^ives lub^cants. Janmnj? agents ana
emulsion breakers

According to flurv and Zemtk^ and Pa t t v . 1 ^ 1 the t r na i a -
tion of napnthaiene vapor mav cause readache, loss 01 ao-
petxe ana nausea Optica* neuft is and tntunes to t^e cor
nea and -n addition K dnev damage have aiso bee1-1

reoorted Gheiu and Mar i a n r ' " reported ooac i t . e s oi ^"e
m 8 or 21 woriters ^no had been exposed to nao n^a . -
'or aoout five vears ingestion o' naphthalene <n -e'a-

large amount f^js reportea^v caused severe herno-
anemia and hemogtobmuna •" ^ ^vpersuscect D . ; , - , .

eene i .cat iv based, i s recogntzed ' • >
The oral LDvi for rats is 1T6Q mg kg "" it was usea as an

amheimini'C tor many vears at dose *eve:s. for adutis. ct G 1
to 0 5 gram three times a dav. 1" 1 several times htgher than
the lowesi reported leina' dose tor man ot 50 mg/kg >•" An
incident m which blankets containing naphrnaiene caused
acute hemotvttc effects -n mtanis . in some cases ia ia i . ^-as
been described < * >

Pauv suggested 25 opm as a ten ta t ive nmii tor napnthaf-
enc vapo' m air He noted 'hat th i s corresponds to a sa i u fd-
lion pressure of approximates ^5% at 25° C. This value nas
be«n used at ihe io^ -vtamos Laboratories , according to

s
Hvati and vi ,f ! in jn f»> Robbtns-"" however repo/.ed tha.
concentrat ions in excess ol acout 15 com resu l t ed ^otice
able i r r i ta t ion of rr>e eves

Ceraroe"' ' also suggestea ^5 oom 35 a t e n t a t i v e imit
ncr^ng mat .-t rporesents l^a or the co^cenffa!;on or na-
phthaiene vapor >n arc saturated at 25' C

In view ot i he 'act that i r r i t a t i o n >s exce^enced a' IE
ppm and tha t continued exposure mav result ;n t a i r i v s e r t -
Ou* eve e't 'ects . a iirnn lower ifian JS nom would see^i \r
orde' The value ot 10 ppm TL* . and 1S ppn STEL are '*>c-
Gmf-nenaed to prevent ocular e f f e c t s but possibc. no*
blood changes m rnpersusceptibies

Othef feccm'nenaattor.s VXest Ce'^anv 10 pprr -a^ :
Ce'manv ana LSSR •* ppm

References:
1. flyrv, f., Zcrntk. F.; Schaa<«:r*e Ose p J90 ; Sor.

( 1 9 3 1 )
2. Pjttv, f.A.; lr*ausinjt : <vg ,enP &

 r£
initfsc/ence. sv (19491

3. Ohem. G.. Mjrunt, I.; vet? 3 ijvorc J" : jj C956i
4. ZueUef. W.W.. Api. t.: / A Vi A ;JJ 135 raja,
5. Stokin^;«f, H.£.. Mountain, I.T.: 4rc,i f
6. NIOSH: ^ej^ifn, or "one tffeas ot

7. Am. Ind. Mvg, Asioc.:

i. S.A.,

6 49S

0. Vjtoei. f., Donudti. S.A., fa»«. P.: ,
ed <n ret '

9. Hyalt. £.C. Milligan, M.f.; <m /no
( 1953 *

10. Robfami. M.C.: .4rc/t /no HH{ A Occ
11. Gerjfde, H.W.: toxicology A 8'ocnp

. p 2JO, Elsev ier Pub. Co .
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mrra
LUSTROUS SILVERY-WHITE. HARD. FERROMAGNETIC METAL: CDG5LESS,»

CHEMICAL AND PHYSICAL PROPERTIES
HCLECUWR WEIGHT; 53.7
BOILING POW7 At 1 «M, f: 4946 F
S0lU8ILm W W6IEB, 5/IDO S BATES AT COC: INSOLUBLE
HASH PBIST, CLOSES CUP, F <OR OPEN COP IF OP: «A
VAPOR PRESSURE 0 # C, HHH6: 0.00
miim POttt, F: 3&5I F
UPPER EXPLOSIVE LIH1I IN AIR. 2 BY WMli HA
LOHER EXPLOSIVE LIHIT IN AIR. 2 BY
SPKKIC GWVIIY: B.$0

STRONG ACIDSiiiiiiiii

CDHSU5TIHE SU8S7AKCE5
WTOD
rtgTAL IH POMDE8ED FGfi* IS EXPLOSIVE

PEftSOHAl PROTECTIVE EQUIPMENT
FOLLWWG INFORHAriO« FfiOH «IOSH/OSHA 'OCCtlPATiONAL HEALTH GUIDELINES

FOR CHEMICAL HAZARDS':
EMPLOYERS SHALL PROVISE AND EPSUltE THAT EMPLOYEES USE APP80P6IAIE
PHOIECIIVE CLOTHING ASl* EQiJIfhErtT NECESSARY TO PREVENT REPEATED Q&
PFOUJN6I6 SKIN CONTACT WITH THIS 5UBSTWCE. FACE SHIELDS SHALL COHPLY

HHPLOYEJS SHALL ENSUSS THAT CLOTHING CONTAHINATED WITH THIS SUBSTANCE
13 PLACED IN CLOSED CWTAIWE55 FOR STQPAfjE UNTIL I! CM PE CISCAfiDED OR
UNTIL THE DTOrES PRICES FCS THE REflOVAL OF THE CONTAMINANT FSOH THE
CLOTHING. IF THE CLOTHING is :o &£ LAUNDERED OR OTHERWISE CLEANED TO
REMOVE THE CONTAMINANT. THE EflPLfl'rER SHALL I..FORH THE PESSON PERFORMING
THE CLEANING OF THE HAZARDOUS PROPERTIES OF THE SUBSTANCE.

GOGGLES
*QT AFPLICA5LH

•ASHWG CHEMICALS rSCf t^t sKIfl
FOLLC«I«G INFORrWriON FiOH NICSH/QSHA 'OCCUPATICNAL HEALTH GUIDELINES

FO? CHEJilCAL HAZARDS 1 :

I
I
I
I

SHALL ENSUfcE >AI EMPLOYEES «E SKIN BECOMES CONTAMINATED
iilTH THI5 SUBSTANCE PROtflLr feASH OR SHOWER WITH SOAP OR hllB DETERGENT
A«D MATES TO REMOVE ANr CONTAMINANT ?50H THE SKIN.

EMPLOYERS SHALL ENSURE T-iAT EMPLOYEES WHO MANDLE THIS 3UBSTANCE WASH
THEIR HANDS THOROUGHLY »1TH SOAP OP MIL!' DETERGENT AND WATER PEFOSE
HATING. SMOKING. OR USIM TOILET FACILITIES.

SOUTM CHANGING OF UORK CLOTHINGFOULING INFORMAT::N FSQH f* io iH,osHA 'OCCUPATIONAL HEALTH GUIDELINES
F0« CHEMICAL HANDS':

EMPLOYERS SHALL ENSURE !-AI EMPLOYEES MHOSE CLOTHING H« HA'JE BECOHE
:CNIAhlNATED l*IN THIS SJKTANCE CHANGE MO UNCONTAMINATED CLOTHING
BEFORE LEAVING I.HE WORK PREMISES.

:LOTMING REMOVAL FOLLOUING ACCIDENTALFOLLOWING INFOftttAIION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINESFOP CHEMICAL HAZARDS':
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wiw MS SUKTAWF 5f REMOVED PROMPTLY
IL ?:-£ SUBSTANCE IS REMOVED FROM THE CLOTH MG,

wot IE
SPECIFIC EXIGENCY PROVISIONS

rOLLQy»G INFORMATION FRO* KIOSH/DSHA 'OCCUPATIONAL HEALTH
FOR CHEMICAL HAZARDS4;

MMJITEK SHALL ENSttE WAT AREAS IN ffilCH EXPOSURE TO NICKEL *£M AMD
SOLUBLE *!CKEl COHP0UNDS MT OCCUR 31 I0ENTIFIE0 8Y SKM5 Ofi OTHER

TE REANS, A«0 ACCESS TO THgSE AREAS BE LIHIIED TO
RESPtlATQR JHECTIW (UPPER LI«IT DEVICES PERHITIEB)

- FJHE 01 HlfJH-gmCIIKCY PAitlCULAtE SESPI&AT08
- SUWIHHiJ* 6ESPI&ATOR
- 5ELF-C3KTAWEP B8lAlHI»fi APPARATUS

- HIGH-EFFICIENCY PASTICUUTE SESPI
WITH i Fi/LL FACE-PIECE- SUPPLIE:-AIS RESPIRATOR
WITH A FULL FACE-PIECE. HELftEHT, Ofi HOOD

- SELF-CflHTAMH 9IEATHING APPARATL'S
WITH A FULL FACE-PIECE

,000
UITH 4 H:GM-EFFIC;ENCY

-
L-LAtE FIITEP

SATS: IJ* FRE3H-J8E-CEWND, POSJIiyE-PRESSUK. OR
HODE

WITH A FVL: rHCt-?:H;E
OFERATSD :w PRES^fiE-DEMrtD 08 FCilTIVE-FRESSUSE HODE

- APPLIED-MS
WITH a FULL FACE-PIECE, HEL«ENT. OS HOOP
OPERATED IV PRESSUPE-DErtAfiO. POSITIVE-PRESSURE. 08

HODE

ESCAPE
WITH A FULL ."^CE-PIECt
OPERATED W PKSSL>E-&6.fA«» OS POSITIVE-PRESSURE N

- TYPE C SUPPLIED-AI8 RESPIRATOR
- 3U?PLI2D-AIR RESPIRATOR

WITH A FuLL TACE-PIECE
OPEPAIEO W PBESSl'RE-DEMND. PCSITIVE-PRESSURE, OR CONIIWOUS-FLCU
HOI'E

- AUXILIARY jJ-LF-CONIAIMEI) BREATHING APPARATUS
OPERATED IN PRESSURE- OEHflwD OR POSITIVE-PRESSURE HOPE

FISEFIGHTING:; c.r
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~"~0«MfED 9» MESStWE-DEKAMfi OB POSITR

•'JTE 0F ENTRY D*TO BODY
INHALATION
INSIST ION
SKIN OR EYE CONTACT

.YHPTtWS
DERNftllTIS
AStWW
$@SiI12*n0H OCfiWtniS
DIAMHEA
NAUSttmmm
SESHtATORY NEMCttHAGE
LARYMG&l CANCE2
SESPHAtOSY ESE?*4
PAftAMASAL SINUS JMCER
LUNG CANCB
P«EU*«NniS
ECZ&tt
ERYT»€HA
STOMTHIS
rFUPRL & *&*
ANOS-IA
HEWir'SIS
riEMArjitlA
KIDNEY DAftAGE
AHUPIA
LIVES WrAOE
lAiil»*:'"^JnU^u A i^u
COLLAPSE
CON'Bj lEIONS
* IKS MTIS
rACH;vEC> . FLJarHI 1
• f ^ I * * r '^"i^t^l!^=O^;.EV:£
it?-" • " " f C :rr?-* ; --a r ;i:^Ti,r^T^ ^ '*-

r:?s: m P?QCH:^ES FQLLIJING ExM^jfiIF r-:s >£."!•: AL JETS ::;:o THE EY£ : . ^-ED
-I1H 1A86E firtOUNIS OF UATER. OCCASIO^L. l
JPPEs L IDS . "jET -EI i ICAL ATTENTICN I^^IA1

SH THE

SHOULD NOT &£ WORKING T^ IS CHEMICAL .
u THIS :HE»IC-;. JETS ON THE SK: ^ . :*«& :*i*it ^
3KI» WITH SOAP • :? ft ILD :ETER'3ENT i wnTHP. IF THIS CHEMICAL
SOAKS CLGtHWG. IWEEIATELr ^EflOVE CL^^ ING i WASH SKIN «IIH
SOAP OR .1111' DETEP'JENI i WATER. ":£! -EDICAL ATTENTION PROMPTL i .
IF A PERSON BREATHES IN LARGE AflOUNIS OF THIS CHEMICAL, HOVE THE
EXPOSED PERSON TC FRESH MS AT ONCE . IF BREATHING HAS STOPPED
PERFORM ARTIF ICIAL RESPIRATION . KEEP THE AFFECTED PERSON UAfih
AN[i AT REST. GET HEDICAL ATTENTION AS SOON AS POSS IBLE .
tJHEN THIS ChEr t lCAL HAS BEEN SHALLOWED. DC NOT INDUCE SITING.
REMOVE 61 GASTRIC LAVAGE AND CATHARSIS.
INGESTED SALTS 0? ALUMIMUH, COPPER. NICKEL. TIN. AND ZINC:

EMERGENCY TREATMENT - DILUTE UIIH UATEtt OR HILK. REMOVE BY
GASTRIC UMAGE UNLESS PATIENT IS VOMITING.
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fURIHER IftlMtffiNT - TREAT HYPOTENSION. RELIEVE IRRITATION BY
GIVING MILK 01 CORHSTARCH BY DISSOLVING 10 G?AHS CORNSIABCH OR
FLOUR W I LOT! OE WATER. REPLACE FLUIDS WITH 5Z DEXTROSE IN
SALINE. KEEP PATIENT MRH AND QUIET. fiELIE'JE PAIN UIIH HEPERI-
BINE G3 KORfHDS.(HEBICAIIQH HlSt BE GIVEN BY QUALIFIED HEOICAL PERSONNEL)

SPECIAL 1UMHEHT - TREAT AHUBIA AND LIVER DAMAGE.
tBRElSBACH, HAK8BQQK OF POISONING, 11 TH ED.)
GASTRIC LAVAGE - GIVE PATIENT GLASS OF WATER PRIOR TO
PASSING OF STOMCH TUBE. LAY PATIENT ON ONE SIDE, WITH
HEAD LOUR THM WIST. IMMOBILIZE A STRUGGLING PAflfNI
UITH A SHEET OS BLAHKET. KfASURS DISTANCE ON TUBE EMH
HOUTH t0 EPIGftSIftlUH, HARK TUBE W1!H IS»£LJBIE HfifiKiHG08 TAPE. IEMBT ImtiKSW tarn TBSEIGN ffKrem HOH
HOUIH, 0?EH HOmi, USE GAG IF NKESSA6Y. EX1EHO HEAD BY
LIFTING THE Pf2i. PASS TUBE OVER tOHQUE AND TOWftgO BACK
OF TH80AT «IWO« EHEHDINS HEAD OR NECK. IF OBSTRUCTION
13 HET BEFORE THE HA8X ON TUBE REACHES LEVELS OF TEETH.
DO NOT FORCE. WT REHQVE TUBE AND REPEAT PROCEDURE UNTIL
TUBE PASSES TO -ARK. PUCE END OF TUBE IN GLASS OF WATER.
IF TUBE IS OBSTRUCTED UHEN INTRODUCED A&QUT HALFMA'f TO THE
HARK. II HAY HAVE SNTESED TRACHEA.

AFTER TUBE IS PLACED IN STOHfiCH, ASPIRATE FIRST TO
REMOVE STOHACH CONTENTS SY IRRIGATION SYRINGE. SAVE STOHACH
CONTENTS FOR EXAMINATION, AND REPEAT INTRODUCTION AND
UITHPRAWAL OF 100-300 *L WASH UATES UNTIL AT LEAST 3 LITH8S
SF CLEAR RET'J?^ ARE OBTAINED. USE ACTIVATED CHARCOAL AT
BEGINNING GF LAVAGS TO AID IN POISON INACTIVATKW. LEAVE
50 GRAKS OF CHARCOAL SUSPENDED IN WATER IN THE STOHACH.
IF INTRODUCTION AND REMOVAL OF UVAGE FL'JID BY GRAVITY
REQUIRES MORE THAN FIVE HINUTES, ASSIST UITH ASEPTO SYS-
!NGE. PREVENT ASPIRATION WITH CUFFED ENDOTRACHEAI. TUBE.AVOID fiiviNC- LARGE QUANTITIES OF WATER.

PASSAGE OF EPIijASIRIUH WHILE STOHACH TUBE IS BEING
ASPIRATED HA; AID IN POISON REMOVAL.

IF PATIENT CjMA!2SE, IMTUBATE TRACHEA WITH CUFFED ENI'Q-
T^CHEAL TUEE . SUCCMLCHLQRINE HAY EE ADHIN I5TESED BY QUAL-
IFIED -EDICAL PERSONNEL TO EASE WSE5TICN OF T8ACHEAL CAtH-ETES ?ftiop :: PASSAGE OF STOHACH TUBE.PQISOOG. r.tn HD.

- HQftPH;.VE SULFf iTE. 5 - 1 5 MG SJBCUTANEOUSLY, ORALLf , OR=LO«L( INT&A*. £NOUSLr. :-CSPHINE CAN CAUSE NAUSEA AND VOMITING.:ENIRAL NERVES S'IE:E« SEPSESSIQN. AND SLOHING OF RESPIKATION.USE CAuT!Q'Js :r ox NOT AT ALL IN CENTPAL NERVOUS SYSTEM IMPRES
S ION . RESPIRf tTCKY D IFF ICULTY , HYPEREXCTTAB IL ITY , AMD HEPATIC
I - ISEASE.

- MEPE8IDWE MYI ' kOCHLOSIDE (DEH tRQL . SOLr fNTIN i . SO- 150 HG
JRALLY C* :NTfAflUSa ; lARl.
•MED ICAT ION «:B=T BE -S IVEN ?f QUAL IF IED f lEDICAL PERSONNEL )
' .DRE ISBACH. hANOBOOK OF POISONING. HTH £ D . (

ACUTE fiENAL FAILURE - TREAT SHOCK. FOR HEflOLYTIC REACTIONS,
GIVE SODIUM BICASOMTE, 5 G EVESy 1-j HtJURS Ab NECESSARY TO
KAINTAIH AN ALKALINE URINE,
• MEDICATION *liJST BE GIVEN BE QUALIF IED .1EDICAL PERSONNEL)
(DREISBf .CH, HANDBOOK OF POISONING, I 1TH E D . )
LIVER DAMAGE - REMOVE FROM EXPOSURE TO ALL CHEMICALS AMD
DRUGS. MAINTAIN COHPLEIS BED REST. AVOID ANESTHESIA OR
SURGICAL PROCEDURES, AVOID DEHYDRATION OR QYERHYDRATION.
IF VOMITING SEVERE AMD ORAL FLUIDS NOT RETAINED, REPLACE
VOHIIUS UITH AN EQUAL QUANTITY OF 100Z DEXTROSE IN NORHfiL
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SUCAR IM DISTILLED UAIER INTEA-VEHOUSLY EVERY TUSJTY-FQUR HOURS.DREISBACH, HANDBOOK OF POISOMW6, HIM ED.)I
IASAL SEPTUM

LUNGS
"KIN

tATUS OF RE5ULAICS;
OSHA StAHKtfcfi 2Ktfimj2W HAZARD Ci

KQUlttS CHEHE& MANUFACTURERS AND WWimS TO ASSESS
IJF CHEMICALS WICK THEY PRODUCE OR WORT, AS8 AIL EMPLOYERS HAUIKG

yflfttPUCK IB tH£ XffiafEJfflfim 9iy!5:0», StftHSAgg IHDUSTKIAL CLASS-
IFICATION CODES 20 THROUGH 39, TO PROVIDE WEQSHAtlflW T0 THEIR EHHOYEES

IlOCERNWj HAZARDOUS CHEMICALS ft MEANS OF HAZARD COHHUNlCAriCfJ PRC^ArtS
IKCLUDWG LABaS, SfilESIAL SAFETY DATA SHEETS. TRAINING, AMD ACCESS TO
WRITTEN RECORDS
48FR5328Q ll/:5/S3
•

iiiiiiii

FOLLOWING OSHA 5T.̂ DARDS APPLICABLE 10 SUBSTANCES LISTED :«OTHERWISE ADVISE:
OSHA STANDARD :9C:Ki910. iOOO AIR CONTAMINANTSTABLE 2-1
CSHA rtANDASD : ?Cr819 IO .M VENTILATICr*
OSHA STANDAFD :9C?R 19 1C . 134 RESPIRATOfiY PROTECTION
OSHA STANDARD ;?C:SI510. :o ACCESS TO EfflD-£E EXPOSURE AN!' «EDICAL

QSHA STANDARD :9CrRni0.13: PESSCNAL PRCTECTWE £f!U:Pf*HW!
CSHA STANDARD :9-:r81910.Ul SANITAT:Q*<

:&5T AIDICAL SERVICES A

i1

OSHA 5!?-NUJ.; ; ^ : rR 15 IO . i :3 ETE AND
• lOCn- 1? RECOr:-3 AND RErOlTS GE ALLE1AIICHS THAT CHEMICAL SUBSTANCES
lAuSE r lGN IF ICAf * ! ADVERSE f EACT IGNS TO HEALTH OR THE EW-ROHht ^T

8EQUIJES iAf*ufACTURE3S »ND CERTAIN PROCESSORS OE CHEMICAL SUB3TWE5
AND MIXTURES TO KEEP RECORDS OF S IGNIF ICANT ADVERSE REACTIONS TO HEALTH
OS THE ENv-IROifiEwI ALLE3ED TO HAVE FEEN CAUSED BY A SUBSTANCE 03
HIXTURE. EPA HAi INSPECT AND REQUIRE REPORTING OF SUCH RECORDS .
49FS38P9 08/::/33
SUBSTANCE LISTED TOXIC SUBSTANCES CONTROL ^CT INVENTORY
SUBSTANCE ESTABLISHED AS CONFIRMED OP SUSPECTED CARCINOGEN '.POTENTIAL
CARCINOGEN) 5Y THE INTERNATIONAL AGENCY FOR RESEARCH OH CANCER UARCJ
SUBSTANCE LISTEC AS 'KNOWN TO BE CARCINOGENIC ' OR HAi REASONABLY BE AN-
TICIPATED TO BE CARCINOGENIC' W NATIONAL TOXICOLOGY PROGRAM -MTP) THIRD
ANNUAL REPQfT ON CARCINOGENS
SUBSTANCE LISTED AS TOXIC POLLUTANT UNDER CLEAN UATER ACT (CWA) SECTION
307IA )

40CFS122.21 TESTING REQUIREMENTS FOR NATIONAL POLLUTANT
APPLICATIONS
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4BFII4153 04/01/83
49CfBl72.101 TAIIIS Of HA&ttKWS NATEIiftLS. THE!!
PIOPII SHIPMHG W*E, CUSS, UBEL. PACKAGES, AND OTHQ «-
QUIICKEHTS

KSI8&ED IK HAZMMUS IWTEJIAiS I«U AS HftZAJtHUS ««Et-
W. FOt THE PUBMSE Of
4ifK15f96 04/15/76
4SH34588 05/22/80
4Stt464» 57/10/90 (AffBffiKEHT)
45F662080 09/1S/80
4SfK74649 11/10/80
46ff 17739 03/19/02
ttai9233

OF
SHIff Dflj IffiHE, CUSS, UKL,

, TMEtt
AffD OTHD K-

DESIGWATEC IN OPTIONAL W2AHOUS WT£RI«LS TABLE VlTH
WTWES TO COmSPO?*DIW t£OUI8£«ENTS IN 49CF8I72.101 FOi 1H-rnrwnoNAi SHIPMENTS AS Aimwtzso BY 49C?H7i . i2
41F8159% 04/15/76
46fI29393 06/01/81 (
46FI32250 06/22/81 (^EI
3l35tAHCES LISTED APPENDIX A - IJKSEKT 5ECKE LIST 3F
LX2USTR1ES AND TOXIC PClLUTWfTS. SETTLE«E« AGREDfENT PE
U.S . EPA ANIi lATIOHflt SESfflitCES 3EFENSE COUNCIL, ET AL
U .S . PISTIIC: COURT DiSTliC! 2F CCLL-«I*. '.'M 7, 19
SITE 8EiC:i:0. DDC 1976. flODIFI!3 **K» =, 1979. SITE
i:EK1333, ODC 1979 AHD AWIN CM QCTQH? 25. 1?82.
SLPSIANCE TESTED fOB HYPEITEMSIGW M r-E JE

*'DOE'
CF

TECHNICAL ASSISTANCE DATA CCMfLtTED/r-JBLISHEt :i£A« MATEi ACT
iCW) SECTION 31 1

PHnauwTOKY ASSESSMENT C^PL-THD PI-JLISHEJ CLEANI*A:EJ ACT ICWAJ

LEVELa «EHS'JE,"E>: OPLEIE:/ PUBLISHED CLEW A;S ACT

ER ACT iCUAi

LtTICAL -ETHODS DEVELCP^E^T CCfPLETED/PUBLISHED CLEAs ilS

COntSOL TECHKOLOGT C'EVELOPftE/*: W :EV£LCMENT.?fiG'^ES? Cl 'AN
UATEK ACT (CWA)

MEASUREMENT IN DEVELOPMENT/PROGRESS
RESOURCE CONSERVATION AM RECOVER ACT i iOAj
SQUKE/EXPflSURE ASSESSMENT In BEVELapKENl/PMGSESS CLEAN A IB ACT
(CAA)

SGUKE/EXPOSURE ASSESSMENT COMPLETED/PUBLISHED CLEAN AIR
ACT <CAA)
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MATEI ACT (CM)AfMinrcAi »nwos
CONSEIVATIOi AN8 IEC3VCIT ACT <IC»)
CtltEttt 8GG3EXT 3T 3EVEU3PRm/PKJGiES3 ClEAK *TEi ACT <C
SfCTfCK 3WIA)
KSK
WlEt ACT

COKHETO/WKBHD SATE UiNKJNfi

A$Sf$S#St CGKKETE0/FmiSKE3 CUM All

ttrt
ACT (CM)
COtfTMl TICWOUKY IT^OMEKT
WTEI AC?

ACT ("CW)

Alii ACT -

y C - r y j l ^ l S : F
(OIS01 5 194 QK TITLE S OF CALIFORNIAWPTEI :.: : ^»ci CODE
SUISTAMCE LISTED HA^fcl-OUS
STATS OF CALIFQMK ftfl«IHr«!BA::yE ."
TITLE 22. 50€^L SECllITT
D IV IS ION 4. £W;»OWE!«rAL HEALTH
ZHAPTES 20. «^IM'J« 3TWDAJiD5 FCJ

CLEW *»
CLEW

CODE *NO M^rsi> I.

111111

MSI«CI ::•
40Cr * ^ !3 i .3 ^ i
0* 5? nr.ff :;••vJH 3buv JE, ;.* .

1 A.T"^ "•»! 1 "V^ f£• J^ t' W * E J "

OF MEALIH i*iC

THIS SUSSTArCw T^E Ewnc
CL£W MhTE* A
WATER QUALIIf

-3.01 OF THE
AQUATIC LIFE

i T EB » ES aKECQMSE * w : ; ; «WDaKCVES t « r . K
IFA HADAiflKX.'S ii^STE *3. ^ .0:2 1 EMISSION CuNTFJl
Iff rAlNt 'AtuTACIlSX'. t'1

wm^g.^^,^
Pft lW n^.FACI'JRIHS. • : >

i Ef^ ;i>»£^TAL A5=E55^T tF THE OFF ICE Or RE-VELOP-E*:.
E TESTED F3t PULMONASJ Tfl'I-"!?NflEwTAi :?::ECTION «.H.-cr -£f i
r* ,• -. f - - •» T.- * . ^ > , -k,j ' I.»M r i ^ . j u * * jy^ ' *-
CRITERIA FCR iIC^EL:
96-HOU3 USO FOR EJESWiATEf "NP HARWE

PICAL SLSVEILLANCE
5EMEML «HCA
ATTENTION TO SWKIMG, ALrOHOL, rtEI ' ICATION. AND EXPOSURE TO CAiCINOCENS
40CF8717 8EC08DS AND REPORTS OF ALLEGATIONS THAT CHEhlCAL SUBSTANCES
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT

TOXIC SUBSTANCES CONTROL ACT (TSCA) SECTION 8 <C ) RULE BEDUIRES

000899



IIIIIIIIIIIIIIII
0

MUH OMffWMTIW, nresuiE MftwrDffljtfK lefffUTOir iisusc
14 IT 17 £Xftr M. X-IAF

menu *mxiiQ* TO SKI*
SWtffCTCttUeriwttsutt:
*rr&TrM I?

CEITIFICATrOlfi

, «!orc*rrowf to CARCINOGENS

3EP«TH£»T OF M If OPEWTSS HCAVy EOUIPHENT
MTEJflALS EDUCATION SECEIPT

HCflRPS FECEIPT
IC SUBSTANCES COWTIOL ACT (TSCA) SECriQ^ 3 ( C > HULER£3u:WS M*»UFACTL'»E»S AMD CERTAIN PROCESSOR OF CME.fICAL5UJSTANCES AND liXTURES T3 K£E? BECOWS OF SIGMIFICANTADVEISE ftEACTIQNS TO EHPLOrEE HEALTH FQ» 30 VEAKS.CONTACT: JACK ?. WCAHHY. JFF:CE OF TOXIC SUBSTANCES,EPA - "

E.1PLDTEE S£3L'IS£B :3R MEDICAL EXA^ REFUSAL 5I3«ED

: IAGHCS:IC TESTS
5PUT!j« GMrt STAIN AND CJlt^E
DIFFERENTIAL WHITE BLOCD CEIL COUNT

'HAKS AND SPILL PROCEDU8E3
- RSPORtABLE QUANTITY OF 'W

.-QiJ« T n
FOB THAI 3UBSTWE UHE ffl. , J

300) 4:4-8802: W HE y«H tL r-50FP13456 04/04/35 WSH'NG™- ».C

AS BEENREPMTA6LE ««W"TrIWIIM*1 SES«E CENTE8
C02) 426-2675
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49CFR172.10I HAZARDOUS MATERIALS TABLE t
FLAMMABLE SOLID
DEPARTMENT Of TRANSPORTATION LABELING REBUIHHENTS

49CFK172.10I (SUBJSGT TO ADDITIONAL LABELING REQUIREHENIS Of

f I

RAHKAILE SOLID

JJfTg8GOVEW8f£«m MARITIME Oft§ASI2An$f HAZARD CUSS
HfiZASHSUS fffttEfrlAtS TABLE

CUSS 4.2-$r0Sf*l©«T
INTERGOVERNMENTAL MARITIMEDOMESTIC AND EXPORT SHIPMENTS

49CFR17...102
SPONTANEOUSLY COMBUSTIBLE

LASELING sPECincAtiONs FOB

5CLLOUIM6 INFOSMATION FROM BUREAU OF EXPLOSIVES 'EMERGENCY HANDLING OF
HAZARDOUS MATERIALS' :

IF "ATERIAL ON FIRE OR INVOLVE!) IN FIRE:
* EXTINGUISH FIRE USING AGENT SUITABLE FOR TYPE OF SURROUNDING FIRE

f MATERIAL ITSELF DOES NOT BURN OF BURNS WITH DIFFICULTY)

I? MATERIAL IS NOT ON FIRE AM IS NOT INVOLVED IN FIRE:
* KEEP MATERIAL OUT OF WATER SOURCES AMD 3KWERS
A 3UILD DIKES TO CONTAIN FLOW AS NECESSARY

PERSONNEL PROTECTION:
* KEEP UPUIrtD
A ¥EA» BOOTS, PROTECTIVE GLOVES AND GAS TIGHT GOGGLES
A AVOID BREATHING DUST. 'VAPORS/ FUMES FROM MATERIALA #iSH AUAT wr MATERIALS UHIW HA/ HAVE CONTACTED THE mi WITH

COPIOUS AftOlWTS OF UATE8 Oft SOAP AND

LAND SPILL:
k DIG H P IT . POND, LAGOON OR HOLDING AREA TO CONTAIN L IQUID OR SOLID

MATERIAL
* COVER SOLIDS WITH A PLASTIC SHEET TO PREVENT OI3SOLUING IN KAIM OS

fcG UATER
WAIES SPILL:

A USE NATURAL 0EEP WATER POCKETS. EXCAVATED LAGOONS,
OS SAND BAG BAJiftlERS TO TRAP MATERIAL AT BOTTOM

A IF DISSOLVED, APPLY ACTIVATED CARBON AT 10 TIMES SPILLED
AMOUNT AT 10PPH OR GREATER CONCENTRATION

k REMOVE TRAPPED MATERIAL WITH SUCTION HOSES
A USE HECHANICAL DREDGES OR LIFTS TO REMOVE IMMOBILIZED MASSES

OF POLLUTION AND PRECIPITATES
-NO REPORTING OF RELEASES OF MASSIVE FORHS OF THIS METAL
REQUIRED UNDER CERCLA SUPERFUND NOTIFICATION 40CFR302 IF
DIAMETER OF PIECES RELEASED IS EOUAL TO OR EXCEEDS 100
MICROMETERS (0.004 :

JASTE
THIS LISTED AS HAZARDOUS SUBSTANCE, AS DEFINED IN SECTION
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49CFRI72.101 HAZARDOUS MATERIALS TABLE

FLAMMABLE SOL IS
9EPAEIHEHT OF TBWSPQRTAflOH LABELING REQUIREMENTS

41CFR172.I01 (SUBJECT TO ADDITIONAL LABELING REQUIRE HEN IS OF

FIAHMBLE SOLID
AAAAAAAAAAAiAAAAAAMAAIMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

.Minita «HH&W* warn
4%m72.102 (JfirOSAL HAZARDOUS KAII8IALS TABLE

ClfiSS 4<̂ SWH»«0USLY COHBBSTIBLE
MRITIHt ORfjANlZAtlON LABELING SPECIFICATIONS FORDOMESTIC m EXFOK SHIPMENTS

49CF8I72.102
SPONTANEOUSLY CGHSU3TIBLE

FOLLOWING INFORMATION FROM BUREAU OF EXPLOSIVES 'EMERGENCY HANDLING OF
HAZARDOUS KATESIALS':

IF KMEB1AL OH FHE GR INVOIUES W FISE:
A EXTINGUISH FiK USING AGENT SUITABLE FOR IVPE OF SURROUNDING FIRE

(MATERIAL ITSELF DOES NOT BURN OF 8USHS WITH DIFFICULT?)

IF MATERIAL IS HOT ON FIRE AND IS NOT INVOLVED IK FI8E;
A KEEP MATERIAL OUT OF IMIER SOURCES ANP SEyERS
A BUILD DIKES TO CONTAIN FLOy AS NECESSARY

PERSONNEL PROTECTION:
A KEEP UPVIND
A UEAR BOOTS. PSCTSCIIVE GLOVES AND GAS TIGHT GOGGLES
A AVOID BREATHING DUST/VAPORS/FUMES FROM HAIERIAL
A MASH AWAY ANY MATERIALS UHICH MAY HAVE CONTACTED THE BODY WITHCOPIOUS AWQUKH or WATER as SOAP AND HATE*

LAND i
A DIG A FIT, POND, LAGOON OR HOLDING AREA TO CONTAIN L IQUID OR SOLID

MATERIAL
A COVER SOLIDS WITH A PLASTIC SHEET TO PREVENT DISSOLVING IN SAIN OR

FREIGHTING WATER
WATER SPILL:

A USE NATURAL DEEP MATER POCKETS, EXCAVATED LAGOONS,
OS SAND BAG BA8RIERS TO TRAP HATER IAL AT BOTTOM

A IF DISSOLVED, APPLY ACTIVATED CARBON AT 10 TIMES SPILLED
AMOUNT AT IOPPH OR GREATER CONCENTRATION

A REMOVE TRAPPED MATERIAL yiTH SUCTION HOSES
A USE rtECHANICAL PREDGES OR LIFTS TO REMOVE IMMOBILIZED MASSES

OF POLLUTION AND PRECIPITATES
-NO REPORTING OF RELEASES OF MASSIVE FORMS OF THIS NETAL
REQUIRED UNDER CERCLA SUPE8FUND NOTIFICATION 40CES302 IE
DIAMETER OF PIECES RELEASED IS EQUAL TO OR EXCEEDS 100
MICROMETERS (0.004 INCHES)

UA3TE
THIS MATERIAL LISTED AS HAZARDOUS SUBSTANCE, AS DEFINED J
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FOLLOWING:

* FEDERAL IMXEft POLLUTION CONTROL ACT (FWPCA) SECTION 31KBM2HA)
* SOLID UAStE DISPOSAL ACT SECTION 3001
* CLEAN VATO ACT (CtfA) SECTION 307(A!
A CLEAN AIR AC! (CAA> SECTION 112
* TOXIC SUKT4SCIS CfflfflWl A€T (tSCA) SECTION 7
A CWFREHENSIVE EHVIB0HHINTAL RESPONSE, COMPENSATION, AND LIABILITY

ACT (CCKLA) SECTION Ida

CPA WASTE urni DOOIHASIS

40CFR260 «ASTE HANA6EHENI SYSTEH: GENERAL
PROVIDES DEFINITIONS OF TEfiKS, GENERAL STANDARDS, AND OVEW1EII

INFORMATION APPLICABLE ID 40CFR PASTS 260-265

4QCFR261 IDENTIFICATION AND LISTING 00 HAZARDOUS WASTE
IDENTIFIES THOSE SOLID WASTES UHICH ARS SUBJECT TO REGULATION AS

HAZARDOUS WASTES UNDER 40CF5 PARIS 262-265, 370, 271, AMD 1C4 AND WHICH
ARE SUBJECT TO THE NOTIFICATION REQUIREHENTS OF SECTION 3010 OF THE
RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) AND IDENTIFIES GNLY SOME
OF THE MATERIALS WHICH ARE HAZARDOUS WASTES UNDER SECTIONS 3007 AND 7003
OF RCRA
40CFR262 STANDARDS APPLICABLE TO GENERATORS OF HAZARDOUS WASTE

ESTABLISHES STANDARDS FOR GENERATORS OF HAZARDOUS WASTE

40CFR263 STANDARDS APPLICABLE TO TRANSPORTERS OF HAZARDOUS UASTE
ESTABLISHES STANDARDS WHICH APPLY TO PERSONS TRANSPORTING HAZARDOUS

UASTE WITHIN THE UNITED STATES IF THE TRANSPORTATION REQUIRES A MANIFEST
UNDER

40CFR264 STANDARDS FOR OWNERS AND OPERATORS OF HAZARDOUS UASTE
TREATMENT, STORAGE, ANO DISPOSAL FACILITIES

ESTABLISHES HINIHUM NATIONAL STANDARDS WHICH DEFINE THE ACCEPTAE;
MANAGEMENT OF HAZARDOUS WASTE

40CFR265 INTERIN STATUS STANDARDS FOR OWNERS AND OPERATORS OF HAZARDOUS
WASTE TREATMENT, STORAGE. MD DISPOSAL FACILITIES

ESTABLISHES MINWUH NATIONAL STANDARDS WHICH DEFINE THE ACCEPTABLE
MANAGEMENT OF HAZARDOUS WASTE DURING THE PERIOD OF INTERIM STATUS

40UR267 INTERIM STANDARDS FOS OWNERS AND OPERATORS OF NEW HAZARDOUS
WASTE LAND DISPOSAL FACIL IT IES

ESTABLISHES HINIHUH NATIONAL STANDARDS THAT DEFINE THE ACCEPTABLE
MANAGEMENT OF HAZARDOUS UAGTE FGK NEW LAND DISPOSAL FACIL IT IES

40CFR270 EPA ADMINISTERED PERMIT PROGRAHS: THE HAZARDOUS WASTE PERMIT
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ESTABLISHES PROVISIONS FOP THE HAZARDOUS UASIE PERMIT PROGRAM
SUBTITLE C OF THE SOLID iiASTE DISPOSAL ACT, AS AMENDED BY THE RESOURCE
CONSERVATION AND RECOVERY ACT

CAS mm
7440-02-0

REGISTRY TOXIC CHEH1CALS
Q85950000

BULLETINS

, «?/. Ofi /HOME/.
omMTIOHTYPI WHAT WEQMUTUN YOUMU/f SPSCIFK I&GRHATIQH <?Y 4-LHTTES

HICKEL - KO -1QRE HITS IH DATABASE.

ENTER MAHE. KEYHORD. S'fflPTM. STLA. *iA«ELIST, HELP. Oft QUIT.
QUIT
ENTER WHICH GHS SERVICE :r;U UI3H TO ACCESS:
IF YOU UISH TO ACCESS HAZARI-LINE. T^fE HAZASE/
IF YOU yiSH TO ACCESS EW!SflN«EWIAt HEALTH *E*S. TYPE
IF T3U WISH TO ACCESS MATERIAL SAFETY DATA SHEH. TYPE
IF YOU WISH TO EXIT THE SYSTEM. TTPE . •LOGOFF/
PRESS RETURN AFTER THIS CQHHANP AND EVESr CDHHAHP.
IMOtr
LGGGED OFF LINE * 02 DATE = 06/C7/S5 T>H = ;!-}6-39
LOGOFF COMPLETED - GOODBYE FO? * *OU"n
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Occupational Health Guideline for
Pentachlorophenol

intended is a source, of informal̂ ** for
S,sthsr eeeupatfenal health professionals who may

have * need for such information, tl does not attempt to
present ail data; rather, it presents pertinent informationand data in summary form.
SUBSTANCE IDENTIFICATION
* Formula: C.C1.OH
* Synonyms; PCP; pema
* Appearance and odor: Light brown solid wuh apungent odor when hot.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for pentachlorophenol is
0.5 milligram of pentachlorophenol per cubic meier of
air (mg/m') averaged over an eight-hour work shift.
HEALTH HAZARD INFORMATION
* Routes of exposure
Peniachlorophenol can affect the body if it is inhaled if
it comes in contact with the eyes or skin, or if u' is
wallowed. It may enter the body through the skin* Effects of oterexposur*
Exposure to pentachloropheno! may cause irritation of
the eyes and respiratory tract. Bronchitis has been
reported to occur. Systemic effects from either a large
exposure or repeated smaller exposures include weak-
ness. loss of appetite, nausea, vomiting, shortness of
breath, chest pain, excessive sweating, headache, and
dizziness. In fcul cases the temprrature is often veryhigh and death may occur as early as three hours after
the onset of symptoms. The risk of serious intoxication
is greater in hot weather. Persons with decreased liver
or kidney functions are more susceptible to poisoning
from this chemical. Repeated exposure to penuchloro-
phenoi may cause an acne-Jtke skin rash and liver

^————apwnol may be con-taminated wiih dioxia cempwifids which are muehmwft rasjff ̂S î̂ iBicfil̂ & l̂steL
* Repaying ffgns and symptoms:
A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused bvexposure to pentachlorophenol.
* Recommended medical surreiifaflce
The following medical procedures should be made
available to each employee who is exposed to pentach-
lorophenol at potentially hazardous levels:
1, Initial Medical Examination:

-A complete history and physical examiration: The
purpose u to detect pre-existing conditions that might
place the exposed employee ac increased nsk. and~to
establish a baseline for future health monitoring. Examj.
nation of the cardiovascular system, eyes, upper resp.ra-
tory tract, liver, and kidneys should be stressed. The
skin should be examined for evidence of chrome disor-
ders Analysis of the unne for pentachlorophcnol may
be helpful m estimating the extent of absorption
Z tonodic Medical Examination: The aforementioned
med.cal examinations should be repeated on an annualbasis.
* Summary of toxicology
Pentachlorophcnol dusr and mist cause .rnunon of the
eyes and upper respiratory tract, absorption results m an
increase » metabol.c rate and hyperp>r«». pro,' "c d"SMH exposure causes an acneform dermanu, Hunan
exposure to dus, or mm concentrations grea:er :hanmg/m' causes pain m the nose and throat
sneezing, and cough; 0.3 mg/m3

irritation; persons acclimated to p
tolerate concentrations up to 2.4 ,
phenol readily penetrates the skin-
is cumulative and has been fatal

These recommendations reflect good industrial hyg.ene and madicalaSs.st «n ach,evmg an etocuva occupanonai heauh program Howev m
all requirement, ol OSHA regulation,

w.,icomp"anc9

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Htailh Saiv*« Canta^ for O.s»a» Control
Nibonti institul* for Occupational Safaty and Health

S«pt»mber

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health A<jm,n15iratlon
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CHEMICAL AND PHYSICAL PROPERTIES
* Physical

I- Molecular weight: 266.3
pos«

3- Specific gravity (water = l ) - 2 0

5. Melting poim: 182- 1 90 C (360- 374 F)
C (68

ity „ water. ^,00 g w,|ef M ;Q
mm»

,

(

«. Evaporation rate (butyl accu,e = I): No, app
Reactivity
I- Condiiions conmbuting to .nstab.Jity: None

ls, and carbon monox.de) may be rele«edPentachJorophenol decomposes.4. Special precautions: N'one.
" Flammability

1. Not combustible
* Wtraing properticj1

ing the odor threshold of this substance
2. Million Leveta: The flOTtha, "dusu are part.cularly

.. Hardened

properties.

MONITORING AND MRASUREMENT&G^lf*6F"tt t&Ir^

mV

* General
Measurements to determine employee exposure are best
taken so that the average eight-hour exposure 15 based
on a single eight-hour sample or OH two four-horn-
samples. Several shoff-fims imie.fvaliamf !«s (a^ i® 30
minures^ ma^-ias0ife«iiili''f@ determine the average
exposure level. Air samples should &* taken m th«
srofrfeSfW's breathing t<5na Cair that would most nearlyrepresent that inhaled by rhe employee).
* Method
An analytical method for pemachlorophenol is in the
N1OSH Manual of Analytical Methods. 2nd Ed., Vol. 4.
1978. available from the Government Printing Office.
Washington. D-C. 20402 (GPQ No. 017-033-00317-3).
* Gleason. M, N.. Gosseiin. R. E., Hodge. H. C. and
Smith. R. P.: Clinical Toxicology ofCommercial Products
(3rd ed.J, WjHiajmand \Vjlkins, Baltimore, [969 .
OCettii"* • «•*.«- — -RESPIRATORS

Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respiratois is necessary, the only respirators permuted
are those that have been approved by the Mine Safety
and Health Admmistration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health,
• In addition to respirator selection, a complete respira-
tory protection program should be instituted whjch
includes regular trajmng, maintenance, inspection,cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

-' <° Prevent any^ J" £° ectivs ctothing
pentachiorophenol or S c2 " C°mact Wllh

phenol. "quids ^nta.nmg penuchloro-
• H employees' clothma ha< h^
betng contaminated with^Lur *"y P°»lbi«'y of
««-»,„, Pentachlo pSl °;i -Ol °r «'"''<"chan*emiouncomamiM£rf . Y empl°Vc« sh°uldwork premises. mamina'*d ̂ '"8 before leaving the

2 P«nt*chlorophenol
197S
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• Clo'hmg which has had any possibility of being
contaminated with pemat.floropnenol should be placed
in closed container* for storage unti' if can be discarded
or until provision is made tor the tern oval of penoch-
lorophertol from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the pt<nach-
lor ophenol, the person performing the operation should
be informed of pentachtorophenors hazardous aroper-
« Where there is aay possibility of «f osur* of *.;
firrtpl&yst^ body fo perttachlofophenol or HqukJs coft-
Uining pentachlorophenol. facilities for quick drench-
ing of tfta body sfaroid be provided within ths tamed* •
ate work area for emergency use.
* Nf on -impervious clothing which becomes contami-
nated with pentaehlorophenol should be removed im-
mediately and not reworn until the pentachlorophenol
is removed from the clothing.
* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of p«ntachlorophenol or liquids contain-
ing pentaehlorophenol contacting the eyes.
* Where there is any possibility that employees' eyes
may b* exposed 10 pemachlorophenol or liquids con-
taining pemachlorophenol, an eye-wash fountain
should be provided within the immediate work area for
emergency use.
SANITATION
* Skin that becomes contaminated wuh pemachloro-
phenol should be immediately washed or showered
with soap or mild detergent and water to remove any
pentaehlorophenol.
* Workers subject to skin contact with pentachloro-
pheno! or liquids containing pentaehlorophenol should
wash with soap or mild detergent and water any areas
of the body which may have contacted pentachloro-
phenol at the end of each work day.
* Eating and smoking should not be permitted in areas
where penuchlorophenol or liquids containing pen*
uchlorophenol are handled, processed, or stored.
* Employees who handle pentachlorophenol or liquids
containing pentachlorophenol should wash their hands
thoroughly with soap or mild detergent and water
before eating, smoking, or using toilet facilities.
COMMON OPERATIONS AND CONTROLS
The following list includes some common operations in
which exposure to pentachlorophenol may occur and
control methods which may be effective in each case:

Operation
Formulation ofpreservatives.
pesticides, and
fungicides
Application as a
preserve* a for wood.
starch, not. adhssives,latex, and oiter

Controls
Process enclosure;
local exhaust
ventilation; personal
protective equipment
Personal protective
equipment

control; use as a
£01.'/o* agent

Manufacture of
pentachlorophenol

Process enclosure;local exhaust
ventilation; personal
protective equipment

EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure
If pentachlorophenol or liquids containing pentachloro-
phenol get into the eyes, wash eyes immediately with
large amounts of water, lifting the iower and upper lids
occasionally. Get medical attention immediately. Con-
tact lenses should not be worn when working with this
chemical.
* Skin Exposure
If pentachlorophenol or liquids containing pentachloro-
phenol get on the skin, immediately wash the contami-
nated skin using soap or mild detergent and water. If
pentachlorophenol or liquids containing peniachloro-
phenol peneiraie through the clothing, remove the
clothing immediately and wash the skin using soap or
mild detergent and water If irn:a:ion is present after
washing, get medical attention.
* Breathing
If a person breathes in large amounts of peniachloro-
phcnol. move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.
* Swallowing
When pentachlorophenol or liquids containing pemach-
lorophenol have been swallowed and the person is
conscious, give the person large quantities of water
immediately. After the water has been swallowed, try
to get the person to vomit by having him touch the back
of his throat with his finger. Do not make an uncon-
scious person vomit. Get medical attention immediate-
ly-
* Rescue
Move the affected person from the hazardous exposure.
If the exposed person has been overcome, noi "y some-
one e!se and put into effect the established emergency

1*78
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rescu* procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.
SPfLL AND DISPOSAL PROCEDURES
* Ptr*0nt not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.
* If ptaiachloropheiml is spilled, the following steps
1. Ventilate area-of spill.

* •3* G«*ftat ̂rttei matafjal fa-Jte-mett «6ftv*ftfssfc"S!it
safe manner and depost in sealed containers for reclama-
tion or for disposal in a secured sanitary landfill. Liquid
.containing pentachlorophenol should be absorbed in
vertnieuliws. dry sand, earth, or A similar material.
* Waste disposal method:
Penuchlorophenol may be disposed of in sealed con*
tainers in a secured sanitary landfill.
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The HV 01 0 5 mg/m* »s be*'ev*»d 'ow enough to
rm/e ihe incidence ot chtcraene ana prevent venous
to ihe liver However, ir* view of ihe ract thai hepatic
changes in rats resulted (mm MJ ei^nt-hour exposures ai
1 4J mg/m* 01 a mixture oi penia- and hevaehlorona-
phinafenev'1 the margin ot satelv oi the 0 5 mg'm'iimtt for
pewiaehkKonaphthaiene mav be rather small At this time,
a STH o. 2 mg/rn*
References:
t. wsfl Oetfinf«n, W.F,: Thet&wtrateton&m fbttwnwMim

2. Coffer. I.H.; /
3. Annuai Keo&ft of ihe Chiet Insaefior 01 Factories tor i9Ja 0

67. H M S O . Lonaon (19J9t
4. Dnnt<*f, CK.f Wwren, MJF., fofintK. G.A.: / fw w*f 4 TOM

/*28J (1937).
5. Sermert, G.A., Drinfc«r, €.«„ Wa«*n. M.f.: /5/tf *V9? M938).
6. Orinkw, CJC. '(*'tf -M5S (1939K
7. 6«», W.g,: vet.

PENTACHLQRGPHENGl
PC?; Chem-Tot; Permaeide: Penta; Santophen 20;

7

TLV, 03 mg/m j

STEL 1.5 mg/m j

is 3 co/or/ess, noricambusttbie >o//d
j cnenonc odor and a punqew taste. The moieeuljr
nf ; s^66 J5 specific gravity -s 1.9*8 at JO* C Jncl at f^e
terr,pef3rure. the reccnea vaoof 0r?s$ure or 00001*

Hg It <s volatile wilh steam jna noncarros;ve '0
is Its me<!mg oomt ^ "90* C •*>ih d Qotlir.% oo<n: or
C The corrtfjounc is soluble in water to the extent or
m jt 20° C. Its soiuD/i'tv ,n organic so/venrs cleoenas
'v on the n^fure or ih* solvent Sareiv soluble >n at-
peniaenioropneno! 'S most soojrjte m nietn^i a/ec-

a contact lungtcioe woocj
ho:

IT
anaThp most Tioorjnt e'teci o' PCP .nnaianon is acute
Doi*c"mB; cerver .n^ ,n the orcuiaiorv svsrerr wnn occorr-

'ni,; heart 'jiiure kehoe ef a?1' (ounrj r>n evidence ot
ic Demoting ,n raob'ts The smailes; lethal irurave-
dose was 22 mg/kg. The compound penetrates ihe

'eaoi iv P^vi ioiog'C (njurv is mainiv vascu lar wi th heart
nousirtal hygiene experience shows that PCP ano

• is sodium saft jre caoabie of inducing discomon and lo-
cal as well as s\%iemic enects Ousls are pa uculariv irntat-
m*{ fo ihe evev jnd nose in concentrations greater than 1
mjj-m-"" Some irr i tat ion or ihenose mav occur at 03
'•ng/nv -J; Hardened workers can tolerate up to 3.4
mg/m* <^ PCP :i hignlv ooisonous with a wide range ot
acute action but no pronounced cumulative prooemes n
has oeen demonsiratea' 1 1 (hat dermal penetration is the
most dangcroui oatnwav oi PCP exposure. The acute gas-
trit lOvjb tor mite and MIS are UO and 1U4 mc/kj;. re-
specnveiv l ] l The derma) lOw in rais is % mg/kg The mna-

latton LD-.i tor rafs is 335 mg-rn' and 'or mice 225 r r g -m iM i
The rat embrvo was snown to oe most susceptible ;o the
toxic errec t s ot PC? during the eanv phases or organos jen-
ests •" The world l i t erature reyeais anout 51 cases c'- PCP
poisoni,-.§ -rom its use as a hercj<cide, moilusc cae or
wood prese-vat'^e ot which 30 out of 51 resumed >n
death -s* The survivors of PCP mtoxsca iron suffer w,m im-
pjiments m autonorrnc function, circulation, visual dam-
age and an acute fvoe ot scotoma "» Other damage 'nciud-
eo1 acute jnMammation of the conjunctiva an^ char-
acter iSt ica lU shaped corneai opacitv, corneal "umb-
ness and si 'grrt mvcJnasis lut Other symptoms mvoive exces-
s ive sweat i ng , tacf i .carcna. tachvpnea, resmratorv C:i :ress ,
hepatic eniargeme-v and metaoolic acidosis

The 0 5 mg. m> Tl'^ and the STE^ r- 1.5 rng m. afe ae-
nveo bv anaiogv wnr> other compounas oi stmnar action
and t o x iC i t v in addit ion to the soec i i 'C a^anao ' e i-rc-'Tia-
don Thev are benevea low enougn :o present vasc^ar m-
lurv

References;
1. Kthoe. R.A., Oeichmann-Grucbler, W.. KitjmiHer, K.V.: . ind

Hvg & fo*. «'M60 1 1939 )
2. Paltv. F.A.: /nrfuifrtJ/ Hygiene i Toxn.otogf, 2n<j erj . \oi li. o.

1401 Iniersciencc. SY (1%3l
1 Demid«nko, N.M.; Cigien* rru(JJ t PrOt Zabotevantv* !Jt9) 58

4. khwetz. BJ*.. Cehring, P.|.; To* Appi P^arm :4(}i 455 ;'
5. Anonvmout; Cd/-/ Health 27(12} 1J (1 q"0|.
6. (mjiium. K.: ^rtoftii ^ GJUKJI 3/7) ?'? ( 19~1 )
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21S4 PHiNANTHRA-ACENAPHTHewe

PHENYLAHIKOACETIC ACID ISO-
AMYL ESTEB HYDROCHLORIC

d.l-Z-PHENYLGLYClNfSOAMYt-

SYNS:
JS0AMYL PHENYLAMINOACE-

TATE HYOROCHtORlOE
fSQFEfrrYL-2-PHBMYLGLYeiNATE

HYDROCMLORIOE
J-METHYLBUTVL ALPHA-AMINO-

BENZEHEACETATE HYORO-
CHLORIDE (±)-

TOXICITY 0&TA: 3-2 CODBN:

MAN)

Spr-ows LDSft:<J| J rag/kg
ivB-mus LD5Q-T? fflg/feg PHARAT 33,749.78
TBR: HIGH ip*v Ivn; MOD orf.
Disaster Hazard: When heated to decoi^p it emits very

tox fumes of C\~ and NOr.

PHENANTHRA-ACENAPHTHENE
NIOSH #: QI 94COOOOCAS RN: 7258915

mf: C24Hi6; mw: 304.40
SYN; 4.5-DIHYDH&-NAPHTHA(l,2-JCjACEPHENANTHftYLENE
TOXICITY DATA: 3 CODEN:
skn-fnus TDLo: 1250 mg/kg/ PRLBA4 1 1 7 . 3 1 8 . 3 5

52W-1: ETA
THR: An exper ETA via skn in mus,
Disaster Hazard- When heated to dfcomp it emits acrid

smoke and fumes.

PHENANTHRENE
CAS RN: 850 18
mf: CuHio; mw: 178.24 NIOSH # : SF 7175000

Soiid or monoclinic crystals, mp: 100°, op: 339° , d: 1.179
@ 25° , vap. press: 1 mm @ 1 18 .3 ° , vap. d: 6. 14 . Insol
in water; sol in CS2 benzene, hot alcohol; very sol inether.
SYN PHENANTHHEN (GEHMAN>

TOXICITY DATA: 3
dnd-4ai :spr 3 gm/L
dnd-ial ltes 5 ug,- !H-C
dnd-ham-kdy 5 mg/L
mma-wt 100 ag/plate
dnd-Junvfbr 5 mg/L/'24H
cyt-hamMng 40 mg/I-/27H
sce-ham-ipr 900 mg/kg/24H
^ce-ham fbr 10 umoi/L
skr,-mus TDLo :71 mg/kg ;NEO
skn-mus 10^22 gm/Vg/10W-[ : ETA
ori-mus LD5Q:70G mg/lcg
ivn-mus LDSO ;56 mg/kg

CODEN:
BIPMAA 1.477,67
DIJOAK 1 10 , 1 59 .68
BCPCA6 20 1297 .7 1
APSXAS 17 . 189 .80
BCPCA6 20, 1297.71
MUREAV 66,277.79
MUREAV 66.65,79
JNCIAM 58 , 1635 .77
JNCIAM 50 . 17 17 .73
BJCAAI 10,363,56
HYSAAV 29,19.64
CSLNX* NX^00190

PHENANTHRENE-3,4-DIHYDROOIOL
NIOSH #:.. CUHI3O2; mw; 212.26

SYNS:
3,4-OJHYOHOWafiPHOL 3

"NrOSH Manual of Analytical Methods" VOL 1 206.
Reported in EPA TSCA Inventory, 1980. EPA TSCA
8(a) Preliminary Assessment Information Proposed
Rule FERREAC 45,13646,80.

THR: MITT data. An exper NEO, ETA. HIGH ivn.
MOD orl. A hmn skn photosensitizer. A slight firehazard.

To Fight fire: water, loam, CO2, dry chemical.
Disaster Hazard: When heated to decomp it emits acridsmoke and fumes.

THRENEDtGL

39,4069,7$,
TBR: An exper ETA.
Dtouiar Hazard: Wfeen heated to decomp itsmoke and fumes.

PHENANTHRENE EPOXIDE

mf: CUH8O; mw: 192.22
TOXTCITY DATA:
oir-ham:enib 5 mg/L
THR: MUT data.

NIOSH #: SF 77Q4J

CODEN: „
CNREA8 32.1391,72

9,10-PHENANTHRENE OXIDE
CAS RN: 58^080 NIOSHm*": CuHiaO; mw: 194.24 : S F7352 (

'XColorless needles; mp: 152 ° - 1 53 C ; very slightly sol in
ter; very sol in ale, ether.
SYNS:
9, 1G-EPOXY-9. JO-DlHYDROPHt-NANTHRENE
PHENANTHR&NE-9,10- ' .COXIDF,
TOXICITY DATA:
mma-53t [00 tig/plate
skn-mus TDLo :40 mg/kg :ETA

-*lA.9a-DiHYOaOPHENAffTHRO-,
(9,10-B)OXJRENE.(9ci)

CODEN:
MUREAV 66,337,79
JNCIAM 39. 12 17 ,67

THR: MUT data. An exper ETA. ,_
Disaster Hazard: Wnen heated to decomp it emits aaftsmoke and fumes.

PHENANTHRENEQUINON^
CAS RN: 84! 17 NIOSH #: SF 7875000]
mf: CUH8O2; mw: 208.22

"~53Orange needles; d: 1 .405 @ 4°; mp: 206.5°-207.5° ; bp*
> 300° subl; very slightly sol in water; sol in hot -"*
benzene; slightly sol in ether.
SYNS:
9, 10-PHENANTHRAQUINONC
9,iO-FHENANTIIREN£DlONE

TOXICITY DATA:
skn-m«* TDLo :800

9,10-PHENANTHHENEQU1NON6

CODEN:
16.309,40

ipr-mas LDLo; 165 mg/kg HDTXAC 5 , 1 10 ,59
Reported in EPA TSCA Inventory, 1980
THR: An exper ETA. HIGH acute ipr.
Disaster Hazard: When heated to decomp it emits

smoke and fumes.
. ,c
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Occupational Health Guideline for

C

Th«gutdelm*.»s imended asasourceef mforrernioi! for«fnpteyaes> smplgym. physicians, tndustriar hygiemslsand other ocr.upai.onal health profess.onals who may
have a need for such information. It does not attempt to

* L?HSHM ; rathC/'St PfeSems peftmem »fonJtMBand data in .-.ummary form.
SUBSTANCE IDENTIFICATION
• Formula: C<H,OH
• Synonyms: Carbolic acid; monohydroxybenzene
• Appearance and odor: Colorless to pink solid or thick
liquid w.th a characteristic, sweet, larry odor

PERMISSIBLE EXPOSURE LIMIT (PEL)
The current QSHA standard for phenol is 5 parts of
phenol per million parts of air (ppm) averaged ovrr an
eight-hour work ,hifi. This may also be expressed as 19
milligrams of phenol per cubic meter of air (mg/m')MOSH has recommended that the perm.ss.ble t*t>o.
sure Iirmi be changed to 20 mg/m> averaged over a
work shift of up to 10 hours per day, 40 hours per week
wrth a ceiling of 60 mg/m' averaged over a 15-rmnu ie
period. The NIOSH Cntena Document for Phenol
should be consulted for more detailed information.
HEALTH HAZARD INFORMATION '
• Routes of exposure
Phenol can affect (he body if it IS mhaled, comes in
contact with the eyes or skin, or is swallowed. It may
enter the body through the skin.
• Effects of overexposure
/. SAort-wrm fr/www Phenol has a marked corros.ve
effect on any t.ssue. When .1 comes in contact with the
eyes, it may cause severe damage and blindness. On
contact with the skin, it does not cause pain but causes a
whitening, of the exposed area. If the chemical is not
removed promptly, it may cause a severe burn or

H05C

poisoning. Systemic efTecrs m^y occur Corn
any route of exposure, «sp«ja9y after skwi ccntact.
2. £eng*tfrtn Exposure: Repeated or prolonged expo-
sure to phfifiof may cause chronic phenol poiscnmg,
Ths symptoms of chronic poisoning include vomitmg,
difficulty in swallowing, diarrhea, lack of appetite.
headache, fainting, dizziness, dark urine, mental distur-
bances, and possibly a skin rash. Liver damage arddiscoloration of the skin may occur.
3. Reporting Signs and Symptoms: A physician should £e
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to phenol.
— Recommended medical surveillance
The following medical procedures should be made
available to each employee who is exposed to phenoi at
potentially hazardous levels:
/. Initial Medical Examination:

—A complete history and physics! examination: The
purpose is to detect pre-existing conditions that might
-place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Per-
sons with a history of convulsive disorders or abnor-
malities of the skin, respiratory tract, liver, or k idnevs
would be expected to be at increased m*. from expo-
sure. Examination of the liver, kidneys, and respiratory
tract should be stressed. The skin should be examinedfor evidence of chronic disorders
—Urinalysis: Darkening of the urine has occurred in

persons exposed to phenol after accidental mgestion or
skin contact. A urinalysis should be performed. mcluJ-
ing at a minimum specific gravity, albumin, glucose, and
a microscopic on cemrifuged sediment. Urinary phenci
is useful if good individual background leveis are availa-ble,
—Liver function tests; Since liver damage has been

observed in humans exposed lo phenoi, a profile of liver
function should be performed by using a medicail>
acceptable array of biochemical i«sts.

reflect good mcf-jstnal hyg.ene and rnod^TlIZ^ ————"———
»ct,ve occupat-ona. hea.th program HOW™* ̂ ^£? ****** 8nd thair ""Pie-rentafon willwith ati requ.rements of QSHA regulations SuH'C'em to acn.eve compliance

U.S DEPARTMENT OF HEALTH AND HUMAN SERVICES
JAI* HHim S0rv,ce Cfln,a,S fflr D.seas* Con,rotNai,onai msi.iuia for Occuoaironai Salary and U.S. DEPARTMENT OF LABOR

Sa(eTy ̂  HMi
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2. Periodic \ftdical Examination: The aforementioned
medical examinations should be repeated on an annualbasis.
* Summary of to*feotogy
Phenol in the vapor form or in solution is an irritant to
th« eyes, mucous membranes, and skin; systemic absorp-
tion causes central nervous system effects as well as
fiver and kidney damage. Sudden collapse is character-
istic of gross overexposure. In animals, prolonged inha-
lation of the vapor at 30 to 60 ppm induced respiratory
difficulty, lung damage, and paralysis. Systemic absorp-
tion J>y animals caused, mu l̂* fwliching ast smrt
eimvlrfSions. ftee arc i-to reports of human fatalities
from inhalation'of ths vapor, altherjg-h one east of
severe poisoning has be«h reported. Ingesriofi of lethal
amounts (as tittle as I g) cause severe burns of the
mouth and throat, marked abdominal pain, cyanosis,
•muscular weakness, collapse, coma, and death; tremors,
convulsions, or muscle twitching were occasionally
observed but were not severe. A laboratory technician
repeatedly exposed to unknown vapor concentrations
and liquid spilled on the skin developed anorexia,
weight loss, weakness, muscle aches and pain, and dark
urine; dunng several months of nonexposure there was
grr.Jual improvement in his condition, but after brief
reexposure he suffered an immediate worsening of
symptoms with prompt darkening of the urine and
tender enlargement of the fiver. Brief intermittent in-
dustrial exposures to vapor concentrations of 48 ppm of
phenol (accompanied by 8 ppm of formaldehyde)
caused marked irritation of eyes, nose, snd fhroat.
Concentrated phenol solutions are severely irritating to
the human eye and cause conjunctiva! swell-ng; the
cornea becomes while and hypesthetic; loss of vision
has occurred in some cases. Solutions of phenol have a
marked corrosive action on any tissue on contact; on
skin, there is local anesthesia and a white discoloration,
and the area may subsequently become gangrenous,
severe dermatitis will result from conuct with dilute
solutions, and prolonged exposure may result in och-
ronosis. In workers making phenol-formaldehyde plas*
tic. the urinary level of total phenol, free plus conjugat-
ed, was proportional to £he air concentration of phenol
up to 12 .5 mg/m3 of workroom air. Mice were treated
twice weekly for 72 weeks by application of 1 drop of a
10% solution of phenol in benzene to the shaved dorsal
skin; after 52 weeks of treatment there were paptilomas
in 5 of 14 mice, and I fibrosarcoma appeared at 58weeks., .. «t.

CHEMICAL AND PHYSICAL PROPERTIES
• Physical data

1 . Molecular weight; 9 4 . 1 1
2. Boiling poi.n <;760 mm Hg): 182 C (359 F)
J. Specific gravuy (water =* I); 107 (solid); 1 .05(liquid)
4. Vapor density (air - 1 at boiling point of phenol):3.24

Phenol

5. Melting poim.- * 1C 006 F)
6. Vanor pressure at 20 C (68 F): 0.36 mm Hg
7. Solubility in water, g/100 g water at 20 C (65 F):8.4
8. Evaporation rate (butyl acetate » 1): Less fhan0,01

* Reactivity
1. Conditions contributing to instability: Heat
2. Incompatibilities: Contact with strong oxidizers

(especially calcium hypoehlorite) may cause Circs andexplosions.
S $ W^f^ous:€fSiSOffi(jj2Sitfon products: Toxic gases

and vapors (such as carbon monoxide) may be releasedftt'» fltt BRvotvfttg .phcnof.
4. Special precautions: Liquid phenol will attack

some forms of plaiiies. rubber, and coairngs. Hot liquid
phenol will attack aluminum, magnesium, lead, and zincmetals.
« Flammability

1. Flash point; 79 C{ 174 F)(closed cup)
2. Autoignuion temperature: 715 C ( 1 3 1 9 F)
3. Flammable limits in air. % by volume: Lower: 1 .7;Upper: S. 6
4. Eximguishant: Alcohol foam, carbon dioxide, drychemical

* Warning properties
1. Odor Threshold: Summer reports that the odor

threshold of phenol is 3 ppm; the Manufacturing Chem-
ists Association reports 0.3 ppm; Thienes and Haleyreport 5 ppm.

2. irritation Levels; The 'Documentation of TL^s
reports that intermittent exposures to 48 ppm phenol
have been observed to produce eye. nose, and throat
irritation. Formaldehyde was also present in this atmos-
phere at a concentration of 8 ppm. The Respirator
Review Committee considers th.: source of the eye
irritation to be the 8 ppm formaldehyde rather than thephenol.

3. Evaluation cf Warning Properties; Since the odor
threshold of phenol is at or below the permissible
exposure limit, phenol is treated as a material u,ith goodwarning properties.

MONITORING AND MEASUREMENTPROCEDURES
• Eight-Hour Exposure Evaluation
Measurements to determine employee exposure ar« best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or or. two four-hour
samples. Several short-time interval samples (up to 30
minutes) may a'so be used to determine the av^ragf
exposure level. Air samples should be take,) in the
employee's breathing zone (air that would rncst nearlyrepresent that inhaled by the employee).* Ceiling Evaluation
Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of phenol. Each measurement

1973
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should consist of a fifteen ( 15) mmuie sample or series of
consecutive samples totalling fifteen ( 15) minutes in the
employee's breathing lone (air that would most nearly
represent thai inhaled by the employee). A minimum of
three (3) measurements should be taken on one work
shift and the highest of all measurements taken is an
estimate of the employee's exposure.
* Method
Sampling and analyses may be performed by collection
of phenol in a bubbler containing sodium hydroxide,
followed 6y treatment with sulfuric acid, and gas chro-
matographie analysis. Also, detector tubes certified by
NIOSH ondar 42 CFR Pan 84 or other direcr- reading
devices calibrated to measure phenol may be used. An —
analytical method for phenol is in the MQSH Manual of ̂
Analytical Methods. 2nd Ed.. Vol. 6. 1980. available Q)
from the Government Printing Office. Washington. £^
DC 20-JO: (GPO No. Ol*-033-00369-6). C
RESPIRATORS
* Good industrial hygiene practices recommend (hat
engineering controls be used 10 reduce environment!
concentrations ro the permissible exposure level. How.
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are Ihose that have been approved by ihe Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institut" r r Occupational Safety and I salth.
* In addu.on to respirator selection, 'a complete respi.-a-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.
PERSONAL PROTECTIVE EQUIPMENT
* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent any possibility of skin contact with
solid or liquid phenol or liquids containing phenol.
* If employees' clothing has had any possibility of
being contaminated with solid or liquid phenol or
liquids containing phenol, employees should change
into uncontammated clothing before leaving the work
premises.
* Clothing which has had any possibility of being
contaminated with solid or liquid phenol or liquids
containing phenol should be placed in closed containers
for storage until it can be discarded or until provision is

Stptimbcr 1*78

made ("or ihe removal of phenol from the clothing If'.he
clothing is to be laundered or otherwise cleaned to
remove ihe phenol, the person performing the ope--
ation should be informed of phenol's hazardous proper-
lies.
* Where there is any possibility of exposure cf an
employee's body to solid or liquid phenol cr liquids
containing phenol, facilities for quick drenching of ;he
body should be provided within th« immediate wort
area for emergency use.
* Non-imp«rvioti9 clothing which become* contami-
nated with phenol should be removed immediately and
not rewern until the phenol is removed from ihe
clothing.
* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of solid or liquid pheno! or liquids
containing phenol comactmg the eyes.
* Where there is any possibility that employees' eye?
may be expased to solid or liquid phenol or liquids
containing phenol, an eye-wash fountain should be
provided within the immediate work area for emergen-
cy use.

SANITATION
" Skin thai becomes contaminated with phenol should
be immediately washed or showered with soap or mild
detergent and water to remove any phenol.
* Any clothing which becomes we! with liquid phenol
or liquids containing phenol should be removed imme-
diaisly and not re\vorn until the phenol is removed from
the cioihmg.
* Eaiing and smoking should not be permuted in areas
where solid or liquid phenol or liquids containing
phenol are handled, processed, or stored.
9 Employees who handle solid or liquid phenol or
liquids containing phenol should wash their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS
The following list includes some common operations m
which exposure tc phenol may occur and control
methods which may be effective m each case:

Operation
Application and curing
Of bonding resin in
plywood manufacture;
application and curing
of molding resins in
manufacture of molded
articles, such as

Controls
Process enclosure,
local exhaust
ventilation; personal
protective equipment

Phenol 3
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electrical appliances,
automotive parts,
foundry sand molds,and utensil handles;
manufacture of friction
materials, bondedabrasives, coated
abrasives, wood particleboard, and insulation
materials
Use in industrialcoatings in drum andcan linings, milk andbeef-processing
equipment, water tanksand air-conditioning
equipment, decorative
laminates, and textile
coatings
Use in synthesis of
tnermosetting phenoltc
resms. epoxy.polycarbonate,
phencxy. and
poiysulfone, synthesis
of aproiaciam for use in
nylon 6 fibers, piast;cs,
and films
Use in synthesis of
agricultural chemicais
and intermediates;
synthesis of
pharmaceutics, rubber
and plastic piast'Cizers.
antioxicants, curing
agents, and
intermeddles
Use in synthesis of
stabilizers and
preservatives for dyes,
perfumes, and
fungicides

Use during solvent
refining of lubrication oil
and wax; use in
synthesis of additives
for gasoline and
lubricating fluids and
intermediates

Process enclosure;
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; persona!
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
(oca! exhaust
ventilation, personal
protective equipment

Use m synthesis of
intermediates inpolyester production;
production of corrasion-
resistdnt polyester and
polyester polyots; use insynthesis of dye
intermediates
Use in synmasis ofsurface-active agents
and detergent
intermediates; in
synthesis of explosives
Use in manufacture of
disinfectant agents and
products for industrial
and household use
Use in synthesis of
synthetic cresois and
xylenols

Process enclosure;local exhaustventilation; personal
protective equipment

local exhaustveniitetron; pe
protective equipment
Process enclosure;
local exhaust
ventilation; persona!
protective equipment
Process enclosure,
local exhaust
ventilation; persona!
protective equipment

EMERGENCY FIRST AID PROCEDURES
In ihe event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure
If solid or liquid phenol or liquids containing phenol get
into the eyes, wash eyes immediately with large
amounts of water, lifting the lower and upper lids
occasionally. Get medical attention immediately. Con-
tact lenses should not be worn when working with this
chemical.
* Skin Exposure
If solid or liquid phenol or liquids containing phenol get
on the skin, promptly wash the contaminated skin using
soap or mtld detergent and water. If solid or liquid
phenol or liquids containing phenol penetrate ihrougn
the clothing, remove (he clothing immediately and
wash the skin using soap or miid detergent and water.
Get medical attention immediately.
* Breathing
If a person breathes in large amounts of phenol, move
the exposed person to fresh air at once. If breathing has
stopped, perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
soon as possible.
* Swallowing
When solid or liquid phenol or liquids containing
phenol have been swallowed and the person is con-
scious, give the person large quantities of water immedi-
ately. After the water has been swallowed, try to get the
person to vomit by having him touch the back of his
throat with his finger. Do not make an unconscious
ncr<on vomit. Gel medical attention immediately

4 Phenol 1978
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* Rescue
Move the affected person f.om the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment Before the need
arises.
SPILL LiAK, AND
PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.
• If phenol is spilled or leaked, the following steps
shou'd be taken:
J. Ventilate area of spill.
2. If in (he solid form, for small quantities, sweep onto
paper or other suitable material, place in an appropriate
container and burn in a safe place (such as a fume hood).
Large quantities may be reclaimed; however, if this is
not practical, dissolve in a flammable solvent (such as
alcohol) and atomic m a suitable combustion chamber.
3. If in the liquid form, for small quantit ies, absorb on
paper towels. Evaporate in a safe place (such ?.s a fume
hood). Allow sufficient time for evaporating vapors to
completely clear the hood ductwork. Burn !he paper in
a suitable location away from combustible materials.
Large quantit ies can be collected and atomized in a
suitable combustion chamber.
• Waste disposal methods:
Phenol may be disposed of:
1. If in the solid form, by making packages of phenol in
paper or other flammable material and burning in a
suitable combustion chamber, or by dissolving phenol
in a flammable solvent (such as alcohol) and atomizing
in a suitable combustion chamber. '
2. If in the liquid form, by absorbing it in vermicuhte.
dry sand, earth or a similar material and disposing in a
secured sanitary landfill, or by atomizing the liquid in a
suitable combustion chamber.
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RESPIRATORY PROTECTION FOR PHENOL

IIIII

Condition Minimum Respiratory Protection*
Required Above 5 ppm

Vaoor or Paniculate
Concentration
50 ppm or less

100 ppm or less

Greater than 100 ppm" or
ent-/ ana escaoe from
unknown concentrations

Any chemical cartridge respirator with an organic vapor cartridges} and dust and
mist filtar(3).
Any supplied-aif respirator.
Any self-contained breathing apparatus.

A chemical cartridge respirator with a full facepiece, organic vapor cartririge(s),C$
and dust and mist filter(s). *M
A gas mask with a chin-style or a front- or back-mounted organic vapor can-
and dust and mist filter.
Any suppiied-air respirator with a full facepiece, helmet, or hood.
Any seM-contamea breathing aoparatus with a full faeeotece.

Self-contained breathing apparatus with a fu'l facepiece operated in pressure-
demand or other oositive pressure mode.

A combination respirator which includes a Type C suppiied-air re' jiratcr with a j
full faceoiece operates in pressure-demand or other positive pre^sjre or contmu- (
ous-flcw mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fight;r.g Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape Any gas mask providing p'rotection against organic vapors and participates.
Any escape self -contained breathing apparatus.

*0nfy NlOSH-approved or MSHA-approved equipment should be used.
"Use of suppfied-air suits may be necessary to prevent skin contact while providing respiratory protection from
airborne concentrations of phenol; however, this equipment should be selected, used, and maintained under the
immediate supervision of trained personnel. Where supplied-air suits are used above a concentration of 100 ppm,
an auxiliary self-contained breathing apparatus operated in positive pressure mode should also be worn.
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9. Coo*, WA; lad. Med. 7*936 (1945).
10. Ouw> H.K., Simpww, C.R., Slyaft, OS.: Arch, fnv Health 31-

CHLORODIPHENYL — 54% CHLORINE
Polychlorinated biphenyl; PCS; Arochlor 1254

Skin
TIV, 03 mg/mi
STEL t.a mg/m*

M pate yellow, viscous liquid with a mi/o* hydrocarbon
odor, 54% PC8 has 3 molecular weight of 326. It has a distil-
lation rsftge of 365-390° C, a melting point of 10" C and a
vapor pressure of 0-00006 mm Hg at 20° C. The closed cup
flash point is 432° f. It is insoluble in water, glycerine and
glycols, bttl is soluble in most common organic solvents.

PCB's are in insulating liquids (Askarel), synthetic rub-
ber, plastMrizers, flame retardants, floor tile, printer's ink,
coatings for paper and fabric, brake linings, paints, 3uto-
mobile body sealants, investments casting waxes (deca-
chlorobiphenyl wax), asphalt, adhesives and similar prod-ucts.

Drinker,n > on the basis of extensive animal experiments
involving chlorodiphenyls and chloronaphthalenes, con-
cluded that tbe permissible limit for occupational exposure
should be 0.5 mg/rtr1 for chlorinated diphenyl containing
50 to 55% chlorine. Curiously he round the product con-
taining 60% chlorine less toxic, and for it recommended a
limit of 10 mg/m3.

Treon and associates'21 studied the effects of chlorinat-
ed diphenyl containing 54% chlorine in animals exposed
daily for seven hours for 3 period of 150 days. Slight revers-
ible liver changes were noted from 1.5 mg/m1, while 5.4
mg/rnj resulted in more serious liver injury. A TLV of 1
mg/m3 wa* recommended.

Largely because of their chemical stability, resistance to
biodegradat.'on and lipid solubility, the chlorodiphenvls
(PCB's) have become significant contaminants of global
ecosystems. Toxicity studies have concentrated on the ef-
fects ot contaminations of diets with small amounts of vari-
ous RGB's.'51

It is clear that the chronic toxicities of these com-
pounds, up to a chlorine content of 54% at least, increase
as the degree of chlorindtion increases, although the loca-
tion of the chlorine atoms in the molecule may also be

1-CHLORO,2,3-EPQXY-PROPANE
See, Epichlorohydrin

11. NIOSH: Often* /or a Recommended -
ro Potehlonnated Biphenyt* ,19771

•mportam.u.4, The status of fully chlorinated diphenyl*
i» ~ ' 'n comP3rison w'lh those comamng SO to55% 0 .s subject to debate. The degree of cancer risfc fromtow dosages of these compounds is atea wnettr&in.

The variety of symptoms of human PCS intoxication was
observed in Japan in 196ft,** whsB over 1j@00 psopfe eon.
wnwrf for a period of abour ihree months rice on corwami-

) naied w,th commercial PCS containing 48% chlorine (0.3%
Kanecnlor 4Qty. This po«oning, known as Yosho disease
was nianifested by acneform eruption; eve d.scha»es-
sweJhng of the upper eyelids and hyperem.a of -he con-'
itincnva; hyperpigmeniation of sftin, na.h. and mucous
membrane; chloracne; and distinctive hair foll.cles ^ever
hearing difficult.es, limb spasms, headachy vom.r.ng and
diarrhea were also reported. Thirteen bab.cs born of moth-
ers who had consumed contaminated rice oil du',nR DreBnancy exhib,ted some of the symptoms cf PCS po.sonin«Jaundice, dermal chromopexy, excessive tear .ec^et.onr
Poychlonnated dibenzofur.ns, mainly penta- ^ hexa-
chloro-compounds, were found in t.ssues of three of the
exposed persons who d,ed in 1%9 and 1972.'*' It ,s possiblethat the high toxicity of Kanechlor 400 was partly Ciused by

Bahn et 3t* drew attention to two malignam -eiano
r?^°r! ̂  men W0fk'n8 durin« lhe 195°'< w-.r Aroch.lor 1254, The exposure concentration is unknown

A TLV of 0.5 and a STR of 1.0 mg/m> are recommended
at this time. A rev.ew of th.s value may be appropr ate

Other recommendations: NIOSH recogm,es ah rhloro.d.phenyls as potential carc.nogens, and recommends an
occupational exposure lim,t (TWA) of 0.001 me ̂  «r

' '
Th 07Q r ' the TLV of 0 ̂  ri,/miThe 1979 German (,st retains ih.s value, w.th the added
des.gnat.on of potent tat carcinogen.

References:
1. Drinker, CK.: ;. Ind. Hyg. A To*, 155 (1939)

1 Cage, |.C, Holm, S.: fox. Appt phirm_ 36 555
4. Ccobifhon, O.J., Corner, A.M.: Ib.d. JJ-94 ( 1975)
5. Kimbrough, R.O. et si: Arch fnv Health 25:354
^ NIOSH: Ortrr« for a tecommancted fta/idii

exposure to PotycMtvtnated Diphenyls (1977)
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Polynudear Aromatic Hydrocarbons 739

landfills have been approved for PCS disposal More recently treatment with
metallic sodium has been advocated which yields a low molecular weight poly-
phenylene and sodium chloride.
References
(1) Nations) Institute for Occupational Safety and Hsatih, Criteria fora Reeommonfod

S^nffSfKt: Qeeupstionat £xf}omfs to Petyshtomstetf SfpftBnyU, WIOSH Dee. No.
77*22$ (1077).

(2) U.S. Environmental Protection Agency, Polyehlorinated Biphenyls: Ambient Water
Quality Criteria. Wa^tnftton, DC (1980).

13) National Academy of Science*, Polyehforinatetl Blpftanyfo, Washington, DC 119791.
W( International Agency for Rsseareh an Cancer, IAUC Monographs on thg Caieinagenfa

Risk* of Chemicals to Humans, Lyon, Frsnee, 7 .261 (1974) and 18,43 11978).
15) World Health Organization, Polychlorinated Siphsnyls and Triphenyls, Environmental

Health Criteria No. 2, Geneva, Switzerland ( 1976).
(6) See Reference !A-62). Atso we Reference (A-64).
(7) International Agency for Research on Cancsr, I ARC Monographs on the Carcinogenic
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New York, Van Nostrand Reinhold Co, ( 1983).
(9) ParmetKjiani, L., Ed., Encyclopedia of Occupational Health & Safety, Third Edition,

Vol. 2, op 1753-55, Cienava, Internationa! Labour Office 1 1983) .
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POLYIMUCLEAR AROMATIC HYDROCARBONS
* Carcinogen (Benzo ia ! pyrenei (Animai posit ive, IARC) (8)
* Hazardous wastes IEPA)
* Prior i ty toxic pollutants (ERA)
Description: The polynudear aromatic hydrocarbons constitute a class of

materials of which benzoia ] pyrene is one of the most common and also the
most hazardous.

Benzoia j pyrene, CjoHn, is a yellowish crystalline solid, melting at 179°C .
tt consists of five benzene rings joined together. Other po'ynuclear aromat-cs
which are discussed in separate sections in this volume are as follows: acenaph-
thene, fluoranthene and naphthalene. A variety of abbreviations are in com-
mon use for the polynuciear aromaticsas shown below:

Abbreviation Compound Designated
A Anthracene
BaA 8en2o[aiantnracene (1 ,2-ttenzanth.3cene)
BaP (also BP) Ssnzoia] pyrene i3,4-benzopyrene)
BbFL (aiso BbF) Benzo[b)fluoranthene
9eP Bantolelpyrene
B jFL '.also BjF l BenzoEj ] fluoranthene
BkFL (also BkF) Benzotk! fluoranthene ( 1 1 , 12-benzof iL 'oranthene )
BPR Benzo[ghi jpervlene 11 ,12-ben2opervlene)
CH (also CR) Chrysene
DBA Dibenzo[ah j anthracene ( 1 ,2,5,6-ceRZ3fiWiracene i
DBAc Oibenzla^] and [ a j ] acndine
DOC Oibenzocarbazoie

(continued)

(75
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Compound Oeifgnated
OBP
PFUalsoFl
IP
P
PA (also Phent
PR (also Per)

PtUGranttiana
ladano ( t ,2.3-cd j pv«nePyraoa
Phflfianthrans
Pflrylens

Note: These abbreviations are not endorsed by any body 7
such as me International Union of Chemistry; rather they
are a form of shorthand used by authors for convenience,
and they vary with the author.

Code Numbers: (For benzofalpyrenei CAS 50-32-8 RTECS DJ3675000
DOT Designation: —
Synonyms: PNAs, PAHs, PPAH5 (Participate Polycyclic Aromatic Hydro-

carbons) and POMs (Polynuclear Organic Materials). (Benzo[a]oyrene is also
known as BAP. )

Potential Exposures: PNAs car 2 formed in any hydrocarbon combus-
tion process and may be released ,m oil spills. The less efficient the combus-
tion process, the higher the PN/-, emission factor is likely to be. The major
sourcss are stationary sources, such as heat and power generation, refuse burn-
ing, industrial activity, such as coke ovens, and coal refuse heaps. While PNAs
can be formed naturally (l ightning-ignited forest f ires) , impact of these sources
appears to be minimal. It should be noted, however, that while uansportation
sources account for only about 1% of emitted PNAs on a national inventory
basis , transportation-generated PNAs may approach 50% of the urban resident
exposures.

Because of the large number of sources, most people are exposed to very
low levels of PNAs. BAP has been detected in a variety of foods throughout the
world. A possible source is mineral oi ls and petroleum waxes used in food
containers and as release agents for food containers. FDA stua.es have indi-
cated no health hazard from these sources.

The air pollution aspects of the carcinogenic polynuclear aromatic hydrocar-
bons (PAH) and of benzofa jpyrene (BAP! in particular have been reviewed
in some detail by Olsen and Haynes ( 1 ) . The total emissions of benzo [a ]py-
rene (BAP) and some emission factors for BAP are as presented by Goldberg (2 ) .

Permissible Exposure Limits in Air: A TLV of 0.2 rng/m3 as benzene solubles
has been assigned by ACGIH. These materials are designated by ACGIH as
human carcinogens.

There have been few attempts to develop exposure standards for PAHs,
either individually or as a class. In the occupational setting, a Federal standard
has been promulgated for coke oven emissions, based primarily on the pre-
sumed effects of the carcinogenic PAH contained in the mixture as measured
by the benzene solubis fraction of total particulate matter. Similarly, the Ameri-
can Conference of Governmental Industrial Hygienists recommends 3 workplace
exposure limit for coal tar pitch volatites, b«sed on the benzene-soluble fraction
containing carcinogenic PAH.

The National Institute for Occupational Safety and Health has also recom-
mended a workplace standard for coal tar products (coal tar, creosote, and coal
tar pitch), based on measurements of the cyclohexane-extractable fraction.
These standards are summarized on the following page.
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Polynucfear Aromatic Hydrocarbons 741
Substance

Coles oven emissions
Exposure Limit

ISO «)Mi3,8hr time-
weighted average
.1 fun/™-* in t,_ .;_0.1

Coal tar pitch and
, 10 hr time-wsight ad avarage

0.2 ma/m tognzww iol-

Agency
U.S. Ocet/pacionai Safety
Health Administration

U.S. National ftmituts for Oc-
cupational Safety and HoatfftAifiBriesn eattf&'eflcs of Govern-

.„. .„. . , «... mental frtdustriat Hygianisutime-weighted average
•~»«»i»(iiafion m Air: CoHection on a membrane filter, benzene extraction,cnromatographic sspaiation, measurement by fluorometry or using a UV de-tector (A-tOJ.
Permissible Concentration jr. Water: A drinking water standard for PAH

as a class has been developed. The 1970 World Health Organization European
Standards for Drinking Water recommends a concentration of PAH not to
exceed 0.2 ^g/£. This recommended standard is based on the composite analysis
of six PAHs in drinking water: fluoranthene, benzofa) pyrene, benzo[gh i ]-
perylene, benzo [bl fluoranthfine, benzofk] fluoranthene, and indeno (1 ,2,3-cd] pyrene.

The US EPA addressed PAHs as one of the 65 priority toxic pollutants (3) .
They found that there i- is insufficient data to propose a criterion for the pro-
tection of Vreshwater or of saltwater aquatic life, For the protection of human
health, the concentration is preferably aero. An additional lifetime cancer riskof 1 in 100,000 is posed by a concentration of 0.028 ,ug/£.

Determination in Water: Methylene chloride extraction followed by high
performance liquid chromatograpriy (HPLC) with fluorescence or UV detec-
tion or gas chromatography {EPA Methud 610) , or by gas chromatog-aphyplus mass spectrometry (EPA Method 625) ,

Routes of Entry: Inhalation of particu'ates, vapors.
Harmful Effects and Symptoms: Certain PNAs wnich have been demon-

strated as carcinogenic in test animals at relatively high exposure levels are being
found in urban air at very low levels. Various environmental fate tests suggest
that PNAs are photo-oxidized, and react with oxidants and oxides of sulfur.
Because PNAs are adsorbed on particulate matter, chemical half-l ives may vary
greatly, from a matter of a few hours to several days. One researcher reports
that photo-oxidized PIMA fractions of air extracts also appear to be carcinogen,c.
Environmental behavior/fate data have not been developed for the class as awhole.

It nas been observed that PNAs are highly soluble in adipose ttssus and
i iptds. Most of the PNAs taken in by mammals are oxidized and the metabolites
excreted. Effects of that portion remaining in the body at low levels have notbeen documented.

fif inzoja] pyrene (BaP) , one of the most commonly found and hazardous
of the PNAs has been the subject of a variety of toxicological tests, which have
been summarized by the International Agency for Research on Cancer, 50 to
100 pprn administered in the diet for 122 to 197 days produced stomach tumors
in 70% of the mice studied. 250 ppm produced tumors in the forestomach of
100% of the mice after 3Q days. A single oral administration of 100 mg of nine
rats produced mammary tumors in eight of them. Skin cancers have been in-
duced in a variety of animals at very low levels, and using a variety of solvents(length of application wan not specified),
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742 Handbook of Toxic and Hazardous Chemicals and Carcinogens

Lung cancar developed in 2 of 21 rats exposed to 1 0 mg/m3 BaP and 3,5 ppmSGj for 1 hour p0r day, five days a week, for more than one yeaf. Five of 2f
rats receiving 10 ppm SOj for 8 hours per day, in addition to the foregoingdosagu, developed similar carcinomas. No carcinomas ware noted in rats roeaiv-
ing only SO5, No animals ware oxposad only to BaP. Trartsplaeental migration of
8aP has been demonstrated in mice. Most other PNAs have not been subjected
to such testing.

Medical Surveillance: Replacement and regular physical examination are
indicated for workers having contact with polynuclear aromatics in the work-
place,

Personal Protective Methods: Good particulate emission controls are the
indicated engineering control scheme where polynuclear aromatics are encoun-
tered in the workplace.

Disposal Method Suggested: Incineration.
References
(1) Olsen, D.A. and Haynes. J .L . , Air Pollution Aspects of Orgsnie Carcinogens, Report

P8-188090, Springfield, VA, Nat. Tech. information Service (September 19691.
(2) Goldberg, A.J. , A Survey of (-missions and Controls for Hazardous and Other Pollut-

ants, fleport PB-223 568, Springfield, VA, Nat. Tech. information Service (Feb.
1973) .

i3) U.S. Ertvir'amrental Protection Agency, Polynuclear Aromatic Hydrocarbons: Am-
bient Water Quality Cr^sria, Washrrgton, DC ( 19801 .

(4( U.S. Environmental Prc ^>non Agency, Status Assessment of Toxic Organic Chem-
icals: Polvnuclear Aromatic Hydrocarbons, Report EPA-60G/2-79-210L, Cincin-
nati, OH (December 1 9 7 9 ) .

(5) National Academy of Sciences, Medical 3nd Biologic Effects of Environmental Pol-
lutants.- Pan. .i3te Potycyclic Organic Matter, Washington, DC ( 1972 ) .

'61 U.S. Environmental Protection Agencv. Heaith Assessment Document for Poly cyclic
Organic Matter, Research Triangie Park, NC, Environmental Criteria and Assess-
ment Office ( 1979) .

(7) U.S Environmental Protection Agency, Poly nuctear Aromatic Hyd'ocarbons, Health
and Environmental EfecTs Profi le No. 149. Office of Solid Waste, Washington,
DC (Apri l 30, 1980) .

i8l International Agency for Researcn on Cancer, tAfiC Monographs on the Carcinogenic
Risks of Chemicals to Humans, Lyon, Prance, 3 , 9 1 ( 1973) .

(Si See Reference (A-62) for : Benzlaianthrscere, Benzo tb ] fluoramhene and S e n z o f j ! -
fluoranthena, Diben2i3.h)acnd ine and D > o e n z [ j ] acndine, Dibenzfa .h i anthracene,

^j pyrene, Dibenzo ia . i ] pyrene ] , and Indeno-
, .

( 10 ) Six , N . I . , Ed . , Dangerous Properties of Industrial Materials Report, <t. No. 2, 35-37,
New York , Van Nostrartd Remtioid Co. 1 1984 1 (Acenanhthyiene) .

( 1 1 ) Parmeggiani. L., Ed., Ercyctopadia or Occupaunnal Heaitf. & Safety, Third Edit ion,
Vol. 2 , 0 0 1755 -59, Geneva , International Labour Office ( 1 983 ) .

POLYTETRAFLUOROETHYLENE DECOMPOSITION
PRODUCTS

Description: Thermal decomposition of the fluorocarbon chain in air leads
to tho formation of oxidized products containing carbon, fluorine and oxygen.
See the entry under "Carbonyl Ruoride" to cite ono example,

DOT Designation: —
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L 1 IN--1 L .Ac : . L3 , "AiL.-. inl, j nC £ * l i-n±n -DL .E . IW , iftn. ! _ , < > , «... ! .„„ . . _ , ,
U? ITTEN rECCFt 'S
43FR532BO 1 1 :2 ! ; . =3
FO'.tCWtHG 0-"* ̂ TANT'ARr- APPLICABLE TO SUBSTANCES LIFTED 29CHU910,OTHERWISE ADVISE:
OSHA STANDARD 2 *CF * I? iO .?4 VENTILATION
OSHA STANDARD 2?CFR 1 ? 10 . 1 34 RESPIRATORY PROTECTION

OSHA STANDARD 2?CFR19 i0 .20 ACCESS TO EMPLOYEE EXPOSURE AND MEDICAL
RECORDS

OSHA STANDARD :?CFRI910 . 1002 COAL TAR PITCH VOLAIILE3
OSHA STANDARD : nCFR19IO. 13: PERSONAL PROTECTIVE EQUIPMENT
OSHA STANDARD 29CFR 19 10 . 141 SANITATION

OSHA STANDARD 2=CFR1<?10. 151 MEDICAL SERVICES AND FIRST AID
OSHA STANDARD : ?CFR 19 10 . 1 33 EYE AND FACE PROTECTION
40CFP71? RECOPr 'S AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES
CAUSE S IGNIF ICANT ADVERSE REACTIONS TO HEALTH Ofi THE ENVIRONHENT

SEOU IFES MANUFACTURERS AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES
AND H !XT 'J?E3 TO KEEP RECORDS OF S IGNIF ICANT ADVERSE REACTIONS TO HEALTH
OR TUE DWI&CNHENT ALLEGED TO HAVE SEEN CAUSED BY A SUBSTANCE OR
M IXTURE . EPA MA/ INSPECT AND REQUIRE REPORTING OF SUCH RECORDS.
48FP33 178 08/22/83

STANDARD : ?CF tU <D 10 . 1GOO AIR CONTAMINANTS

SUBSTANCE LI5TEI ' TO* 1C 31 ' fSTANCES CONTROL ACT INVENTORY

S'JJSTANi IE L I3TEI ' nS T O X I C POLLUTANT UNDER CLEAN UAIE& ACT (CUA) SECTION
3 0 7 C A )

4 7 C F R 1 7 2 . 1 0 1 TABLES OF HAZARDOUS MATER IALS , THEIR I ^CR IPT IQN ,
PROPER SH IPP ING NAME , CLASS , LA&EL , PACKAG ING , AND OTHER RE-
QUIREMENTS

DES IGNATED IN HA:WGU3 MATES' l ^LS TABLE A5 HAZAR ICJS MATER-
IAL FOR THE PURPOSE OF TRANSPORTAT ION .
41FR15W 0 4 - 1 5 / 7 &
4SFP34539 05 , : :/80 (AMENDMENT )
45FR46420 C 7 ' I O / 8 ' > (AMENDMENT)
45FRG2080 09/ 13 -'80 (AMENDMENT )
45FR74649 1 1 / 1 0 / 8 0 (AMENDMENT )

o^/n- 'S ! (AMENDMENT )
03/50 '8 ! ( A M E N D M E N T )

» ' t rrpp: .- • : r i,r.-^ ?: HAW-?':'; ^ATEpnn . THE IP '- ^ ^CRr r -opER s i : i F r i , - » : f i- ,- 1 : . CL-^ .SS, i^ti. FAC- ' . cn > ; . A. ' - : - c:.^?: RE-
0'J IF fEMENT3DESIGNATE: ' rw nrrr^.L HA:. -rrnu^ HAirr/r . ' iLs TABLE UITH ALTER-NATIVES TO cjrK?f •:•;•;• ii;o SECuipcr'rNTs IM -»-- icFf:i7:..K'i FOR IN-
TERNATIONAL SH.rri:'^ A3 AUT: ; : S !2EO SY 47CFR 17 1 . 1 2
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4CCFRC61 .33 (F > DISCARDED COrt.lEPCWL CHEMICAL PRODUCTS, OFF-
SPEC lF rCAT IDN S F E C I E J , CONTAINERS , AND SPILL RESIDUES THEREOF

COMMERCIAL CHEMICAL PRODUCT OR MANUFACTURING CHEMICAL INTER-
MEDIATE IDENTIFIED AS TOXIC WASTE UNLESS OTHERWISE DESIGNED.
45FR33034 05/19/80
THIS SUBSTANCE TESTED FCR HUTAGENESIS/GENETIC TOXICITY
BY THE NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES
(NtEHS)

METHOtS DE»ELOPM|Nf COMPLETED/PUBLISHED CLEAN WATER
ACT (CUA)

MONITOR IMG/LEVELS MEASUREMENT COMPLETED/PUBLISHED ENERGY
RESEAPCN AND DEVELOPMENT ACT (ERDA)
MONITOR! 1 ' ' ] 'LE'. ' £L3 MEASUREMENT IN DEVELOPMENT/PROGRESS CLEAN AIR
ACT (CAA)

5/7

OPING/LEVELS MEASUREMENT COMPLETED/PUBLISHED CLEAN WATER
ACT (CUA)
SUBSTANCES LISTED APPENDIX A - CONSENT DECREE LIST OF
INDUSTRIES AND TOX IC FCI.LUTANTS. SETTLEMENT AGREEMENT BETWEEN
U.S. £PA AND NATIONAL RESOURCES DEFENSE COUNCIL , ET AL
U.S . D I STR ICT COURT D ISTR ICT OF COLUMBIA , JUNE 7, 1976.
SITE 9ERC : i :0 . MC 19~&. MODIF IED MARCH 9, 197?, SITE
12ESC1833 , DDC 1979 AND AGAIN ON OCTOBER 2&, 1982.

SUBSTANCE S 'J fJECT TO RETIREMENTS OF GENERAL INDUSTRY SAFETY ORDER
( G I 5 0 ) 5194 OS 1 T I T LE 9 OF CAL I FORN IA APMI .NSTRATIVE CODE AND D IV IS ION 5,CHAFTEP : . s OF CAL I FORN IA LAPOR CODE

A P P L I C A T !
TA&LE I! - OH1 » 1J

[ i - NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM
TEST ING REQUIREMENTS
TO*:: POLLUTANTS IN EACH OF FOUR FRACTIONS IN

A N A L Y S I S PY GA5 C I ' RC ^ ^ T3G rAFHY - 'MASS SPECTf :QSCOPY (G5/HS )
43FSM153 04. 0 1/SJ
SUBSTANCE LISTED FESC','?:" CONSEPVATIGN ^Np RECOVERY ACT iRCRA >
4 0 C F R 2 G 1 . 3 : EFA HAZ ' - ^OVS yA5TE NO. KO::.* D IST I LLAT ION BOTTOM
TARS r ?OM THE P R O D U C T I O N OF PHENOL/ACETONE FROM CUMENE. (T)
SUBSTANCE L T S T E P tE?7. :F:E C O N S E R V A T I O N AND K E C G ' v 7 K Y ACT ( R C R A )
4 0 C F R : 6 1 . 3 : EF 'A HA IDOL'S WASTE NO. K 0 3 4 : D I ST I L LAT ION BOTTOMS
FROM THE PRCD ' JCT ICN TF FHTHAL IC A N H Y D R I D E TROH NAPHTHALENE. (T )

99. : , SUPPLEMENT ! - C O M M O D I T Y INTERPRETATION M: CHEMICALS
VAL IDATED LICENSE REQUIRED FOR EXPORT TO LIBYA, NORTH KOREA, VIETNAM,

K A M P U C H E A , OF. CUBA
45FR3594: 12 '30 30
47FR 143 01/05/8247FR4! ! : : : . o?/: i/c:
47FP51960 1 1/ 19/8:

SURVEILLA* i r r
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4 C C F & 7 P RECC?r < : -'*: ̂ r 'JKS OF ALU' -Ar iQNS THAT CHEMICAL SUBSTANCESCAUSE riWF::^: i : ' i : ? sE PE - - : T !CNS : : ^EALTH OP TBS ENVIRONMENTTOMC -y?sTi«cE= "N-POL -:: .T:CA; SECTION 3<o PULE REQUIRES
rANUFACTL 'FERS W CErTMN PROCESSORS :F CHEMICAL SUBSTANCES AND MIXTURES:a KEEP pr:?sr*s OF S IGNIF ICANT ADVERSE REACTIONS to EMPLOYEE HEALTH FOR
49FF33187 G3/22/S3
43FR39::5 08/30/83 (EFFECTIVE DATE CCS8ECTION)
FESPIRATOJMf HISTORY
PFE-PLACEHEMT AND &w»JMAL EXAMS
CARDIOVASCULAR DISEASE
CHRONIC PESPlRATCPr PLEASE
14 BY 17 CHEST P. A. X-PAY
5Kt^ EX AHSPUTUM CYTOLOGYU?IHE CYTOLOGTFUNCTION:
URINAL* SIS
COMPLETE 6LOOD COUNT
ROOD CMEMI3TPY
RENAL AND lIVEfi FUNCTIONS
KIDNEY FUNCTION
WARNING: PREGNANT

V9LATILES
CERTIF ICATIONS

HEALTH STATUS CLASSIFICATION

N, SUBSTANCE ASSGCIAIED UITH COAL TAR PITCH

•

NUCLEAR PEG. 0041

03HA RESP IRATOR CERT I F iCAT ION . : ^CFR19 i : . 134

DEPARTMENT OF WANSFQETAT ION IF OPERATES HEAVY EQUIPMENT
E M P L O Y E E HA2AS[ 'GU3 MAnK IALS E D U C A T I G ' r RECEIPT
EMPLOYEE MEDICAL RECORDS RECE IPT
TOXIC SL ' rSTANCES CGNTf t ^ : ACT ' .TSCAJ S^CTICN 8 ( C ) RULE
REQU IRES MANUFACTURERS AMD C E R T A I N PPCCE330RS OF CHEMICAL=JPSTANCES AND «I:<T ;IFE: ro KEEP RECORDS :~ SIGNIFICANT-ItVESSE r EACT IONS TO E lF ' LOYEE HEALTH FCP 20 YEARS .CONTACT: .TICK P. MCCARTHY. OFF ICE OF TOXIC SUBSTANCES,
EPA ( 8 0 0 ) 4 ^ 4 - 1 4 0 4 . 48F f t 38 173 8/22/83
U ICC OR ILO X-RAY INTERPRETATION

MEDICAL WARNING REQL' IPED FOR MEDICAL EXAfl REFUSAL SIGNED
&Y E M P L O r E E

S P E C I A L DIAGNOSTIC
NONE IN COMMON USE

AKS f-W' : r ! ' . L r?"" * 1 : : r r^
A FE rOFTAEL f aUANTIT. Ji
PY SECT IONS 1 0 1 ( 1 4 ' '. ' < [ '

' . * -J"Mp VT1113 TO THIS GUPST'- f 'CE ESTABLISHED
V.- ; iP » OP ADJUSTED UNt'ER SECT ION 1 0 2 ( A ) OF THEcoH?r- r ! 'E ; r : vE ^v:^-i :N;.-.I. S ^UNSE . coHfENSr'TioN. AND L IAB I L ITY ACT

CF 19SO ^ C E F C L A i . 5tCTIO» . " * I 0 3 < A ) AND 103 <& ) REuUlRE THAT PERSONS IH
CHARGE OF A VESSCL 0* "• r l ' T f FROM UHICH A HAZARDOUS SUBSTANI
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50FR13456 04/04/8:

AAAAAAAAA
OF TRWPOFT6TIOM HAZARD CLASS

49CFR172.1QI HAZARDOUS MATERIALS TABLE
NOT LISTED

INTERGOVERNMENTAL MARITIME ORGANIZATION HAZARD CLASS
4«ICm72.102 OPTIONAL HAZARDOUS MATERIALS TABLE

NOT LISTED

THIS MATERIAL NOT LISTED AS HAZARDOUS SUBSTANCE, AS DEFINED IN SECTION10 1 ( 14 ) OF THE COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, ANDLIABILITY ACT (CESCLA) OF 1980, PURSUANT TO ONE OR MORE OF THEFOLLOWING:
A FEDERAL WATER POLLUTION CONTROL ACT (FUPCA) SECTION 3 1 1 ( B ) ( 2 ) ( A )A SOLID WASTE D ISPOSAL ACT SECTION 3001A CLEAN UATER ACT (CUA) SECTION 307(A)4 CLEAN AIR ACT < C A A > SECTION 1 12A TGXIC SUBSTANCES CONTROL ACT (TSCA) SECTION 7A COMPREHHNSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND L IABIL ITYACT CCERCLA) SECT ION 102

CAS NUMBER
1 ^9-00-0

TOX IC CHEM ICALS HUMBEf
URC450000

BULLETINS
S P E C I A L : M F Q R H A T I O N
TYPE WHAT I NFORMAT ION KJ P E O U I R E
/ALL/ , SPECIFIC INFORMATION m 4-LETTER COMMA '^»f /HELP/ , OR /NONE/.
NONE
PYRENE - NO MORE H IT3 !M PATA&ASE .
ENTER NAME, K E Y W O R D , SYhPTCH , STLA , NAMEL IST , HELP , OR QU IT .
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Silver and Compounds 787

Permissible Exposure Limits in Air: There are no Federal standards out
ACGIH (1983/84) classifies silicon as a nuisance particulate with a TWA of 10
mg/m3 and an ST£L of 20 mg/m3.

Determination in Air: Collection on a filter and gravimetric analysis (A-1 ) .
Pormiwible Concentration in Water: No criteria set.
Routes of Entry: Inhalation.
Harmful Effects and Symptoms: Silicon dust does not produce significant

organic disease or toxic effect when exposures are kept under reasonable control
(A-34). Unpleasant deposits may be caused in eyes, ears and nasal passages and
injury to the skin and mucous membranes may be caused by the dust itself or
by cleansing procedures used for its removal.

SILICON CARBIDE
Description: SiC is a bluish black crystalline substance which sublimes with

decomposition at 2210°C.
Code Numbers: CAS409-2 1 -2 RTECS none UN none
DOT Designation: -
Synonyms: Carborundum*, Crystolon®, Carbonite*, Eiectrolon*.
Potential Exposure: Those involved in the manufacture of silicon carbide

abrasives, refractories and semiconductors. Silicon carbide fibers are also pro-
ducer in f ibrous form as reinforcing fibers for composite materials.

Permiss ib le Exposure Limits in Air: There are no Federal standards but
ACGIH ( 1983/84 } has classif ied silicon carbide as a nuisance participate with a
TWA of 10 mg/m3 and an STELof 20 mg/m3 .

Determination in Air: Collection on a fi lter and gravimetric analys is (A - 1 ) .
Permissible Concentration in Water: No criter ia set.
Routes of Entry: Inhalation.
Harmful Effects and Symptoms: Silicon carbide can alter the course of in-

halation tuberculosis leading to extensive fibrosis and progressive disease jA -34 ) .
Points of Attack: Respiratory system.

References
! 1 ) See Reference IA-60) .

SILVER AND COMPOUNDS
* Hazardous substance (Si lver Nitrate, ERA)
* Hazardous waste constituents (ERA) , hazardous waste (Si lver Cyanide!(ERA)
* Priority toxic pollutant (ERA)
Description; Ag, si lver, n a white metal and is extremely ductile and malle-

able, insoluble in water but soluble in hot sulfuric and nitric acids. Perhaps the

oCD
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733 Handbook of Toxic and Hazardous Chemicals and Carcinogens

most common soluble silver compound ii silver nitrate, AgNOj; another is stlvarcyanide, AgCN.

CAS 7440-22-4
CAS 7761-88-8 RTgCS VWagOOflOO

RTEGS VW4728GOQRTECS vwaseooao
UN none
UHI493
UN 1834

Slvar .„.
Silvar nitrate
SHvareyanftfc ____ „,, .««
DOT Designation: Silver metal, nor.a; siWer nitrate, oxidizer; and silvercyanide. Poison 8.
Synonyms: none
Potential Exposure: Silver may be alloyed with copper, aluminum, cadmium,

lead, or antimony. The alloys are used in the manufacture of silverware, jewelry,
coins, ornaments, plates, commutators, scientific instruments, automobile bear-
ings, and grids in storage batteries. Silver is used in chrome-nickel steels, in
solders and brazing alloys, in the application of metallic fiims on glass and
ceramics, to increase corrosion resistance to sulfuric acid, in photographic
films, plates and paper, as an electroplated underrating for nickel and chrome,
as a hactericide for sterilizing water, fruit juices, vinegar, etc., in bus bars and
windings in electrical plants, in dental amalgams, and as a chemical catalyst in
the synthesis of aldehydes. Because of its resistance to acetic and other food
acids, it is utilized in the manufacture of pipes, valves, vats, pasteurizing coils
and nozzles for the milk, vinegar, cider, brewing, and acetate rayon silk in-dustries.

Silver compounds are used in photography, si lver plating, inks, dyes, coloring
glass and porcelain, etching ivory, in the manufacture of mirrors, and as analyt-
ical chemical reagents and catalysts. Some of the compounds are also of medical
importance as antiseptics or astringents, and in the treatment of certain diseases,particularly in veterinary medicine.

Incompatibilities: Acetylene, ammonia, hydrogen peroxide.
Permissible Exposure Limits in Air: The Federal standard for silver metal and

soluble compounds is 0.01 mg/m3 . The ACGIH 1 1983/34! hasadooted a TWA of
0.1 mg/m j for stiver metal, but no STEL value for the metal or its compounds.

Determination in Air; Collection on membrane fi lter, solution in nitric acid,
analysis by atomic absorption spectrophotometry (A- 10 ) ,

Permissible Concentration in Water: To protect freshwater aquatic life-should not exceed
e ( 1 . 72 Inlhardrtess) -6 .521 u ;g

at any time. To protect saltwater aquatic life-never to exceed 2.3 ^g/C. TO pro-
tect human health-50 ,ug/C ( 1 ) . (The State of I l l inois has recommended thats i lver in drinking water be held to 0.5 ^g/2).

Determination in Water: Digestion followed by atomic absorption or colon-
metric determination (with Dithizone) or by inductively coupled plasma ( ICP )
optical emission spectrometry. This gives total si lver. Dissolved si lver may be
determined by these same methods preceded Liy 0.45 n filtration.

Routes of Entry: Inhalation of fumes or dust, mgestion of solutions or dust,eye and skin contact.
Harmful Effects and Symptoms: Local - The only local effect from metallic

silver derives from the implant of small particles in the skin of the workmen
(usually bands and fingers) which causes a permanent discoloration equivalent to

ecc
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789
the process of tattooing (locai argyria}. Silver nitrate dust and solutions are
highly corrosive to the skin, eyes, and intestinal tract. The dust of silver nitrate
may cause local irritation of the skin, burns of the conjunctiva, and blindness.Localized pigmentation of the skin and eyes may occur. The eye lesions are seen
first in the caruncle, and then in the conjunctiva and cornea. The nasal septumand ton»llar pillars also are pigmented.

Systemic - All forms of silver are ojwsmaly cumulative onr.n tfwy on-wr body
tissues, and vary littfa 1$ excrete! Studies on the occurrence of argyria follow'
ing injection of silver arsphenamine indicate that the onset of visible argyria
begins at & total doso of about 0.9 g of silvar. Generalized argyria develops whensifver oxkte or satts are inhaled or possibly ingested by workmen who handle
compounds of silver (nitrate, fulminate, or cyanide). The condition produces no
constitutional symptoms, but it may lead to permanent pigmentation of the skinand eyes.

The workman's face, forehead, neck, hands, and forearms develop a dark,slate-grey color, uniform in distribution and varying in depth depending on the
degree of exposure. Fingernails, buccal mucosa, toe nails, and covered parts of
the body to a lesser degree, can also be affected by this discoloration process.The dust is also deposited in the lungs and may be regarded as a form of pneu-
moconiosrs, although it carries no hazard of fibrosis. The existence of kidney
lesions of consequence to renal function !s improbable from occuoationai ex-posure.

Points of Attack: Nasal septum, skin, eyes.
Medical Surveillance: Special attention should be given to other sources of

silver exposure, e.g., medications or previous occupational exposure. Inspection
of the nasai septum, eyes, and throat will generally give incidence of pigmenta-
tion before generalized argyria occurs. This will usually be seen first in the ear!obes, face and hands.

First Aid: If this chemical gets into the eyes, irrigate immediately, If this
chemical contacts the skin, flush with water. If a person breathes in large
amounts of this chemical, move the exposed person to fresh air at once and
perform art ;ficial respiration. When this chemical has beei swallowed, get
medical attention. Give large quantities of water and induce vomiting. Do notmake an unconscious person vomit.

Personal Protective Methods: Wear appropriate clothing to prevent any
reasonable orobability of skin contact. Wear eve protection TO prevent any
possibil ity of eye contact. Employees should wash promptly when skin is wet
or contaminated. Work clothing should be cn^nged daily if it is possible thai
ciothing is contaminated. Remove nonimpervious clothing promptly if wet orcontaminated- Provide emergency eyewash.

Respirator Selection:
O.Smg/m 1 : H iEPF/SAF/SCBAF
lOmg/m 1 : PAPHiEF
20mg/m J ; SAF;PD,PP.CF

Disposal Method Suggested: Recovery, wherever possible, in view of eco-
nomic value of si lver. Techniques for s i lver recovery from photoprocessing andelectroplating wastewaters have been reviewed (A-57) .
References
(It U.S. environmental Protection Agency, Silver: Ambient Water Quality Criteria, Wash-ington, DC ( 1980 1 .
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TOLUENE
Toluol

TIV, 100 ppm ( as 575
STEl, 150 ppm ( a 560 mg/mP)

oo
Toluene 'S 3 colorless liquid with a tvoical aromatic hv-

drocarbon odor Its molecular weight jncj specific gravity
ire 92 *J and 0866, respectively The boiling point /$
HO 7' C and solidifies at -95* C At 25* C. the vj0or pres-
sure is 28 mm Hg The closed CUD flash point is iQa f It is

\\ater. but mttcibie with most organic solvents
derived soieiv from coal tar toluene is now

obtained c^eiiv from petroleum, ana is present m gasc'tne
and manv peuo'eum solvents it is used as a sclent m
pa*n t s ana coat ings , 'or rubber OPS . res ins e'c . . as a raw
maters^ ;of the manufaoure of benzene and a host o:
other chemicals inducing TsT TDl . and ngreCients ct
detergents dyes and drugs

Because 01 us wide >naustnai use and chem.ca i s im i ian-
iv to benzene, the l i t erature 0' industr ia l ;o«icoiogv and
mdustra l medicine, part i cu lar ly tne iatte ' . 'ecord nume'-
ous invest igat ions o' the toxic e jects o' toiuene Accord-
ing to Pat iv 1 ' tne concentrations of toluene and ben^e^e

*o cause orostra i .on 01 mice are aooarert iv 3000
ana -"00 0pm. cesoectiveiv Deaih trom acute po-son-

mg resu i t s 'rom ̂ 0.000 DDm toluene comoared with 14.000
PDTI o' benzene Severa^ 'icidents 01 wonce'S oetng over-
come DV toiuene vapor uSudi lv m conimea spaces , have
been reported tonglev ana co-worxer s 1- 1 describe such an
e^en t a5oa rc sn ip wne^e ;& me^ were overcome There
v.&'e ^c ceams or icr-ous a f t e r e f f e c t s "^o - r r t s a t i o n of eves
or 'esp '-ato^v passages A*S obser\ea

Fccm the standpo-ni or chron i c poisonmg, ;oiuene does
noi ca^se ;^e severe >n:^r\ to me bone marrow charaae'-
i s t . c o' ben/ene poisoning Cfarde- '5 stated mat the mv-
ctotox<c,:v or beniene was comoieteiv absent m toluene
and other aitcyi der ivat ives ot benzene Von Oeitmgen et
af*'- rouno that exposure of rats at 2500 to 5000 pom or
toluene caused a temporary decrease in the wh i te-ce i l
count, but no evidence ot injury to blood-'ormmg organ?
pr Itver Greenburg and co-workers 1 ' 1 studied a group of

pimte's pxposed to toluene m concentrat ions rang ing
from 100 to 1100 Ppm Their tmdmgs included enlargement
ot me liver, macrocviosis, moderate decrease m eryihocvie
count and absolute Ivmphocvtosis but no leiAooema

Wilsoniw found thai among workers exposed at less
lhan 200 ppm ot toluene there were some complaints of
headache, lass itude and nausea, but physical f indings *ere
essennailv negative At concentrations between 200 and
500 ppm impairment of coordination, momentary loss or
memorv and anorexia were also present Between 500 and
1500 OP™ palpitation, extreme weakness, pronounced loss
400

o* coordination and tmpat«neftt of reaction time »e?e not-
ed. The red ee*i count *eM m manv instances, ana tne'e
were two cases of aoiastic anemia, in whicn recover *oi-
towed intensive hospital (reaiment A laier comment bv
Wilson **i however suggests thai he did not rule out the
possibility (hat some ot the above ejects were due to a
benzene impurity m the iokf«ne used.

Accordrng t*3 f airtWl.* ««»«r$ axeosyre to lOiwen^ mav
resuit tn a pronounced drop in the red count and
destruction of the Diood-fdffntng eiemertts oi th*
marrow However. Cerardef* statea (hat exteniive an.mai
studies cleanv mdtcaie thai toluene is noi a bone marrow
poison. While there have been occasional reports of apras-
tic anemia attributed to toluene. < : i m some instances me
presence ot benzene was not prec'uded. and there
been no "epidemics " o' this disease among toluene
ers comparable to those whic* have resulted irom oer-
/ene. Powars 1 10 1 'eported six cases of aolastic anemia one
O' them fatal among glue sniffers Airnoug* *- toiuene ^as
the solvent chieilv used, no a^alys-s was gjve'* or tne giue
involved in the fatal case Exposures in these cases a^e
much greater than would normally arise from occupational
use ot toluene. Thus Knox anc! Se i son < :" described an in-
stance of permanent enceohatooathv involving a man
inhaled toluene regularly 'or over l-i vea-s

Von Oettmgen and co-worVer s 1 * 1 tou-id that
subjects exposed at 200 ppm suffereo i i ig * * : bui aenn . ' e
changes m muscu l a r coord*ration, Thev concluded t^a ;
such concentrat 'O^s were un incefv to have ar~v a i s ce" * :b pe
untoward ef fec t s on healtn Cerarde'' ' however Del^eo
that von Oettmgen •> woric die not just ify t^e COO com , im-
> i Ogata et a/10 tound thai exper irr-enta i human suDiec s
exposed at 200 ppm tor seven nours snowec proiongai.on
of react ion t ime, decrease -n puise rate a -id .<-* s v s i o i - c
blood pressure Thev conside' 200 com too hign ai :-«•
MAC Takeuch i ' 1 J i exposed rats at 200 3cm ana ntgne p co^ 1-
centr j t ion i or to.uene ior 32 wee^s a^d t-.er to oe^ene
*or 39 davs On tne oas i s or d i t 'C'ence s iQurc De i .vee * - ^o
toluene-exposed an ima l s and conro-s eg change- " >
we 'ght ot adrena! stands, he iugges ied '^a: the \\*C -'
200 ppm (or to iuene should be 'eco

Smyfh et a> reporieci an o^ai LD^
to be " 53 mL/kg ( 1 < 1

On the basis 01 the above aata . a reduci^cn m ;he TL*
for toluene irom 200 com to ^00 DDm >s recommended
with a STEL Of 150 pprn

Other recommendations Coo*c i l 9 J5 ) ^00 ODTI Sm- , r "
( 1956) comments that th i s t im» : mav oe fm,t eanv s . g ^ s o 1

narcosis. Elkms ( 1959) 200 ppm. ASSI ('%") 200 DDm L5S 1?
(1%7l 14 ppm; Czechoslovakia (1%9l 50 opm. V%SM Get-
manv (1974) 200 ppm; Sweden (19"5) 100 ppm East Ger-
many ( 1 9 7 3 ) 50 ppm, NtOSH ( 1973 ) 100 ppm

. stereo

References:
1. Patty. fS.: tnauttful Hygiene A Tomcoicav, 2

1226. I m eric i e nee. NY n%Jt
tongl*v. f-Q.. font, A.T., Loitwjv, O.: -«r<:fi fn

ed
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878 Handbook of Toxic and Hazardous Chemicals and Carcinogens

Code Numban: CAS 76-03-9 RTECS AJ787SOOO UN 1839
DOT Designation: Ctfrrosivs material
Synonym: TCA.
Potential gxfttHBra*: TCA is uitd a> an Intermediate in pesticide manufacture

{A-32J and in the production of sodium triehloroacetate which is its&tt a hsrbt-cide,
Parmissifaln Exposure Limits in Air: There is no Federal standard but ACGIH

0983/84) has adopted a TWA of T ppm (5 mg/m3). There is no ST£L value. TheSoviet standard is reported to be 0,75 ppm.
Permissible Concentration in Water: No criteria set.
Harmful Effects and Symptoms: TCA is corrosive to the skin and eyes but u

not readily absorbed through the skin. The reader is recommended to considerthe effects of 2,2-dichloropropionic acid (Oalapon) for analogies (A-34).
Points of Attack: Eyes, skin and respiratory tract.
First Aid: Get to fresh air, remove contaminated clothes, flush affectedareas with water.

Personal Protective Methods: Wear close-fitting safety goggles, protectiveclothing, protective gloves.
Respirator Selection: Wear self Lontained breathing apparatus. r}1References *1

(1! See Reference (A-60) . "
(2) United Nations Environment Programme, IRPTC Legal file 1983. Vol. I, pp VI I/

Gertevj. Switzerland. International Register of Potential ly Toxic Chemicals ( 1984 1 .

* P r i o r ' tVtox IC pollutant (EPA)
1 ,2,4-TRICHLQROBENZENE

.u. • •—'. „ .„ . , v iL,r /A;

Description: CbH3Cl3 is a low-melt ing solid or liquid with a pleasant aroma,It melts at J7 3C and boils a t2 13 .5 3C.
Code Numbers: CAS 120-82- 1 RTECS OC2100000 UN 2321
DOT Designation: Label should bear St. Andrew's Cross (X) .
Synonym: Unsym-trichlorobenzene.
Potential Exposures: 1,2,4-Tnchlorobenzene is used as a dye carrier (46%) ,

herbicide intermediate (28%) (A-32K a heat transfer medium, a dielectric fluid ;n
transformers, a degreaser, a lubricant and a potential insecticide agamst terrrmas.The other trichlorobenzene isamers are <iot used in any quantity.

Possible human exposure to trichlorobenzene (TC6) might occur from
municipal and industrial wastewater and from surface runoff ( 1 ) . Municipal ano
industrial discharges contained from 0.1 to 500 f.ig/%. Surface runoff has been
found to contain 0.006 to 0.007 fjg/S.. In the National Organic Reconnaissance
Survey conducted by EPA in 1975, TC8 was found in drinking water at a levelof l .Owg/C.

Permissible Exposure Limits in Air: There is no Federal standard. The ACGIH
has set a TWA at a ceiling of 5 ppm (40 mg/m3) but no STE L value as of 1983/34.
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1,1,1-Trichloroethane 879

Permissible Concentration in Water: To protect human health—no criteriondeveloped due to insufficient data.
Determination in Water: Methyiene chloride extraction followed by concen-tration, gas chromatography with electron capture detection (gPA Method 612(or gas chromatofiraphy plus mass speetrometry (ERA Method 825).
Harmful Effects and Symptoms: Locat— Chlorinated benzenes are irritatingto the stein, conjunctiva, and mucous membranes of the upper rwpiratory tract.Prstongsd or repeated contaot with liquid ehtorinated benzenes may eause skinburns.
Systemic -» In contrast to aliphatic halogsnatmJ hydrocarbons, tho tu^^ity

of chlorinated benzenes generally decreases as the number of substituted chlo-
rino atoms increases, Basically, acute exposure to these compounds may cause
drowsiness, incoordtnation, and unconsciousness. Animal exposures have pro-
duced liver damage. Chronic exposure may result in liver, kidney, and lungdamage as indicated by animal experiments.

Points of Attack: SJ'in, eyes, liver, kidneys, lungs.
Medical Surveillance: Consider the points of attack in preplacement andperiodic physical examinations.
Disposal Method Suggested: Incineration, preferably after mix ing wuh an-

other combustible fuel. Care must be exercised to assure complete combustion
to prevent the formation of phosgene. An acid scrubber is necessary to removethe halo acids produced.
References
(1) U.S. Environmental Protection Agtncy, Chlorinated Benzenes: Ambient Water QualityCriKf'3, Washington, C C ( 1980J.
(2) See Reference (A^O).
(3) Sax, N . I . , Ed . , Dangerous Properties of Industrial Materials Report. 4. No. 3, 96-99,

New York, Van Nostrand Reined Co. ( 1 9 8 4 1 .
?d| United Nations Environment Programme. tRPTCLegal File 1983, Vol . I, pp V I 1 /96-7 .

Geneva, SvMaenand, International Register of Potential ly Toxic Chemjcali ( 1 984 * .

1 , 1 , 1 -TRiCHLOROETHANE
# Hazardous waste (ERA)
• Prior ity toxic polk.t^* (ERA)
Description: CH3CCI3 , 1 , 1 , 1-tnchloroetharte, is a colorless, nonflammableliquid with an odor simi lar to chloroform. It boils at 74°C.
Code Numbers: CAS 71 -55-6 RTECS KJ2975000 UN 2831
DOT Designation: OHivi-A
Synonym: Methyl chloroform.
Potential Exposures; In recent years, 1 , 1 , 1-tnch loroethane has found wide

use a: a substitute for carbon tetrachloride. In liquid form it is used as a de-
greaser and for cofd cleaning, dip-cleaning, and bucket cleaning of metals. Other
industrial applications of 1 . 1 , 1-tnch loroethane ' s solvent properties include its
use as a dry-cleaning agpnt, a vapor degreasing agent, and a pnpeMant.

NIOSH has estimated worker exposure to U.l-trichloroethaneat 2,900,000per year.
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Fume
TIV, t mg/mJ
Slit, 2

Zinc chloride may be in the form of a non-combustible,
white powder or colorless crystals. Both are deliquescent
and have a molecular we/gnr of 736.29 and a specific gravi-
ty of 2.60731 25* C. The fume of tine chloride is white with
an acnd odor. This compound boils at 732' C and mells at
about 290° C. it is soluble in water, alcohol and ether.

The chloride is the common inorganic salt of zinc, and
is used in soldering fluxes, galvanising iron, as a wood
preservative, in textiles, adhesive*, denmfices, deodorants.
embalming fluids, and in organic synthesis and petroleum
refining. Zinc chloride is the main ingredient of some
screening smokes.

Exposure to zmc chloride fume can cause damage to the
mucous membranes of Ihe nasopharynx and respiratory
tract. Exposed persons have experienced a pale gray cyano-
sis Zinc chloride is caustic and can cause ulceration of
exposed surfaces of the skin MI inhalation may produce a
severe pneumonms resulting from irritation of the respira-
tory trac t . ' * '

Hunter*- 1' reported 10 deaths and 25 cases of non-fatal
injury among 70 persons in a tunnel when 79 smoke gener-
ators caught frre m a storage area. Most of the patients
began to recover on the tenth day and were up and about
six weeks after the incident. In two necropsies performed
on the fatal cases, membranes lining the larynx, trachea
and bronch- were red <tod edematous, with spots of necro-

sis. Milliken and associated reported a case of fatal, arute
interstitial fibrosts from inhaling ZnCIi smoke from a
smoke generator. In 18 days the patient developed ad-
vanced pulmonary fibrosis, acute cor pulmonale and right
ventricular hypertrophy, and ultimately died from acute re-
spiratory insufficiency.

Hardv»*t comments that zinc chloride is caustic and be-
cause of the way it is used in industry causes rouble dis-
proportionate to its harmful nature. She cites references
suggesting that zinc compounds may have chronic effects.
Ferry,«»i in investigating a borderline condition, found thai
tevefs between 0,07 and 0.4 mg/m> of zinc chfonde fume
for 30 minutes did not result in sensory effects, but was
corrosive to metafs.

To prevent respiratory irritation and other effects, a TIV
of 1 mg/mj and a 5TH of 2 mg/m3 are recommended

Although insoluble zinc compounds such as the oxide
and stearate (q.tf .J appear less hazardous, there are not
enougn data to categorize the relative hazards from other
soluble zinc salts, such as the nitrate and suitale

The Swedish l imit (1978} for ZnCl? is also 1 mg. m">

References:
1. San, W.I.: Dangerous Properties of Industrial Materials, p 1268.

Retnhold Pub Corp., NY (1957)
2. Gafafer, W.M.: Occupational Diseases, Pub Health $erv Publ

#1097, U.S. Cov Printing Office; Washmgtcn, DC (1964*
3. Hunter, D.: The Diseases of Occupation, pp 367-377, L i t t l e ,

Brown & Co., Boston, MA ( 1955) .
4. Milliken, J.A., Waugh, D., ICtdifh, M.f.: Can vfed Assoc. I

S8.J6 0963)
5. Hamilton, A., Hardy, H.I.: Industrial Toxicology, 3rd ed . p '87,

Publishing Sciences C'oup, Vton ( 1974)
6. Ferry, |.: Communication to TLV Committee <1%6|

ZINCCHROMATES
ZnOO«; ZnCr,O4; 2nO2O7

TLV, 0.05 mg/m3, a* Cr, Appendix A2 — Suspected
Orcinogen

The basic zinc chromate is yellow in color and exists in
prism form; molecular weight 181.36, specific gravity 340
ZnOjO* has a molecular weight of 233.36 and a specific
gravity of 5.30 at 15 °C, and its cubes are dark green to
black in color. The bichromate is an orange powder with ,1
molecular weight of 281.35. All are soluble in acids, but
sparingly soluble m water.

Although finding some use as colors, they are primarily
employed in priming paints for metals, for which they pro-
vide resistance against corrosion. The pigment zinc yellow
is potassium zinc chromate.

Because of their very slight solubility in water, zmc
chromate is considered more likely to produce cancer of

the respiratory passages, when inhaled, lhan are the water
soluble chromates While an increased incidence of lung
cancer has reported among groups of pigment workers ex-
posed toch.ornales, 1 1 ' including zinc chromate.' : i a c l a s s i f i -
cation of suspec'.ed, rather than actual human carcinogen
seems appropriate al this time.

The TLV of 0.05 mg Cr/m J , the same as that ot lead chro-
mate, is retained for the present- A review would be ;n
order, however, if the limit for the insoluble chromates was
reduced

For additional information, see the documentation for
chromium and its compounds in this book.

References:
1. Equitable Environmental Health, Inc.: 4n fpidern,oiog>cjl

Study of Workers in Lean Chromate Plants, f ina l report submit-
ted to The Dry Color Manufacturers Aisoc (June 25, 1976)

2. Ungard, S., Noweth, T.: Brit ! Ind Meri J2.62-65 (1975)
445
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HNU PI 101

1 .0 INTRODUCTION

The Model 101 Has been designed to measure the concentration of trace gases
in many industrial or plant atmospheres. The instrument has similar
capabilities outdoors* The analyzer employs the principle of
photoionizatton for detection. This process is termed photdonization
because the absorption of ultraviolet light (a photon) by a molecule leads
to ionlzat ion via:

RH + hv RH* + e-

where RH « trace gas,
hv = a photon with an energy greater than or equal to an lonization
Potential of RH

The sensor cons i s t s of a sealed u l t rav io l e t l ight source that emits photons
which are energetic enough to ionize many trace species (particularly
organics) but do not ionize the major components of air such as 0?, N?, CO,
CO-, or H?0. A chamber adjacent to the ultraviolet source contains a pair
of e lectrodes . When a pos i t ive potential is app l i ed to one e lec trode , the
f ie ld created drives any ions, formed by absorption of UV light, to the
collector electrode where the current {proportional to concentrat ion) is
measured . The useful ra< je of the instrument is from a fract ion of a ppm
to about 2,000 ppm.

2.0 CALIBRATION

All operat ing procedures should be as spec if ied by the manufacturer un less
otherwise noted.

Equipment needed:

o calibration gas
o tubing and fittings
o rotameter or bubble flowmeter
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2.1 COM employs a two-point standardization procedure to facilitate
proper instrument calibration over the 0*20 ppm and 0-200 ppm
operating ranges. Two distinct mixtures of isobutylene in air are
used as the calibration gases, Each will give a 3/4 scale deflection
of its respectiva operating range. Isobutylene was chosen because
the Instrument's relative sensitivity to ft is high and ft is a
non-toxic gas.

2.2 Prior to using the PI 101. check the function switch on the control
panel to make sure it is in the OFF position. The probe nozzle,
electrode casing and connector cable are stored inside the instrument
cover. The probe is assembled by screwing the probe nozzel into the
cas ing . The 12 pin interface connector for the probe is located just
below the span adjustment on the face of the instrument. Carefully
match the Alignment Key 1n the probe connector to the 12 pin
connector on the control panel and then twist the probe connector
unti l a dist inct snap and lock is felt.

When cal ibrating the instrument, refer to and completely fill out the
PI 101 Reca l ibrat ion form,

2.3 Turn the function switch to the BATTERY CHECK position. The needle
on the meter should read within or aDove the green battery arc or, the
sca lep late . If the needle is in the lower port ion of the battery
arc, or the red LED comes on, the instrument should be recharged
prior to making any measurements.

2.4 If the battery needs recharging, place the mini phone p lug into jack
on left side of the bezel connector prior to plugging charger Into
120V AC. When disconnecting charger, remove from 120V AC before
removing mini phone plug. The battery 1s completely recharged
overnight (ca . 14 hours ) . To ensure that the charger 1s funct ion ing ,
turn the function switch to the battery check position, place phone
plug into jack and plug charger Into AC outlet. The meter should go
upscale if the charger is working and is correctly inserted into the
jack .

AG9-6/2
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The Instrument can be operated during the recharge cycle, however
this will lengthen the time required to completely recharge the
Instrument battery.

2.5 Next, turn the funtion switch to the ON position. In this position,
tftt IRT light Sfttreft should fee on. To verify, cheek into the end of
the probe to see the purple glow of the lamp. Ogjurt Jqofc.directly
at the lamp^ it_self.

2.6 To zero the instrument, turn the function switch to the STANDBY
position and rotate the zero potentiometer until the meter reads
zero. Clockwise rotation of the zero potentiometer produces an
upscale deflection while counterclockwise rotation yields a downscale
deflection* Note: No zero gas is needed, since this 1s an
electronic zero adjustment. If the span adjustment setting is
changed after the zero is set, the zero should be rechecked and
adjusted, if necessary. Wait 15 or 20 seconds to ensure that the
zero reading is stable . If necessary, readjust the zero.

2.7 The instrument is now ready for the calibration procedure. Set the
function switch to the 0-200 PPM scale.

2.8 The recommended and most accurate procedure for ca l ibrat ion of the
Instrument from a pressurized container is to connect one site of a
"T"' to the pressur ized container of mid-range cal ibrat ion gas ,
another side of the "T" to a rotameter and the third s ide of the "T"
directly to the 8" extension to the photoionizat ion probe (see Figure
1). Crack the valve of the pressurized container until a s l ight flow
is indicated on the rotameter. The instrument draws in the volume of
sample required for detect ion, and the flow in the rotameter
indicates an excess of sample. Now adjust the span pot so that the
instrument is reading the exact value of the calibration gas. (After
the instrument span setting is changed, the instrument should be
turned back to the standby pos i t ion and the electronic zero shou ld be
readadjusted, if necessary, and respan).

AG9-6/3
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Next, set the function switch to the 0-20 ppm scale. Connect the
pressurized container of low range calibration gas to the Instrument
as described above.

2.10 00 not adjust the span pot. The observed reading on the 0-20 ppm
scale should fes * 3 ppm of the acutal concentration of the low range
calibration gas. If this is not the case, recalibrate the mid-range
scale. If the low range reading consistently falls outside of the
recommended tolerances, the probe light source window most likely
needs cleaning. When the observed reading is within the required
tolerances, the instrument is fully cal ibrated*

3.0 OPERATION

3.1 With the instrument fully calibrated, it 1s now ready for use. Any
results obtained should be reported as parts per mi l l ion (ppm) as
Isobutylene. Some important performance specifications and power
requirements of the PI 101 are listed here.
Performance
o range 0.1 to 2000 ppm
o detection limit 0.1 ppm
o sensitivity (max) 0-2 ppm FSD over 100 divis ion meter scale
o repeatabi l ity j* 1% of FSD
o l inear range 0.1 to 600 pprn
o useful range 0.1 to 2000 ppm
o response time < 3 sec to 90% of f j l l scale
o ambient humidity to 95% RH
o operating temperature ambient to 40°C*
Power_ jrequirements of operating times:
o continuous use, battery >10 hours
o continuous use with HNU recorder reduces instrument battery

operating tl/ne to 1/2 normal time
0 recharge time, max <14 hours, 3 hours to 90% of full charge
o recharge current, max .4 Amps @ 15 VDC

Instrument is temperature compensated so that a 2Q°C change in
temperature corresponds to a change in reading of < ^ 2% full scale at
maximum sensitivity.
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3.2 The Instrument 1s equipped with an automatic solid state battery
protection circuit* When the battery voltage drops below approx, 11
volts, this circuit will automatically turn off the power to the
Instrument. This prevents deep discharging of the battery and
considerably extends the battery life. If the fftstrun»nt fs
unintentionally left on overnight, the battery will be unharmed
because of tfte battery protection circuit. If the Instrument battery
check reads low and the lamp doesn't fire, plug the charger Into the
Instrument. The power to the analyzer should then be returned.

3.3 A small DC operated fan is used to pull air through the
photoionlzation sensor at a flow rate of three to seven hundred
centimeters per minutes (0.5 1pm). The fan provides nearly
instantaneous response times while consuming little power. With the
function switch turned to one of the operating ranges, the fan is
turned on automatically. The instrument is now analyzing the
surrounding atmosphere.

3.4 To obtain the most accurate reading, the function switch should be
set on the lowest poss ible operating range. An audible a larm can be
set at a predetermined concentration if it is so desired.

3.5 A black "magic marker" is kept with the PI 101 at all times to enable
the operator to check if the instrument wi l l sti l l provide a g iven
response. Wi t h the marker pen held at the end of the probe, an
approximate reading of 5 ppm should be obta ined .

3.6 If the probe is held close to AC power lines or power transformers,
an error may be observed. For management made in close proximity to
such items, their effect on measurements can be determined by the
fo l lowing procedure. Zero the instrument in an electrically quiet
area, in the standby posit ion, then move the Instrument to the
questionable area involved. If AC pickup is going to be a problem,
the meter {1n the standby position) will indicate the magnitude of
the error.

AG9-6/5

000943



III
I

No 381600e
Rev
Page 6 of H

3,7 A 11st of relative photoionizatlon sensitlvltes 1s presented 1n Tafile
1 for the operators own use* A much more specific list is availaale
from the COM Boston Laboratory.

4,0 REFERENCE

Instruction Manual for Model PI 1010 Photolonlzatfon Analyzer Printed by
HHU Systems, Inc.* Copyright 1975.

iiiiiii
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RELATIVE PHOTOIONI2ATION SENSITIVITIES FOR VARIOUS GASES

(Sensitivities 1n ppm)

Chemical Grouping Relative Sensitivity

Aromatic

Aliphat ic Amlne

Chlorinated Unsaturated

Carbonyl

Unsaturated

Sulf ide

Paraf f i n (C f t-C7 )»» /
Ammon i a

10,0

10 .0

5-9

5-7

3-5

3-5

1 -3

0.3

Examples

Benzene, Toluene, Styrene

Di ethylamine

Vinyl Chlor ide , Vinyl idene
Chloride, Trlchloroethytene

MEK, MIBK, Acetone, Cyclo-
hexene,

Acro le in , Propylene, Cyclo-
hexene, Ally! Alcoho l

Hydrogen Su lf ide , Methyl
Hercaptan

Pentane, Hexane, Heptane

Paraf f i n (C j -C4 ) Methane, Ethane

AG9-6/7
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FIGURE 1
RECOMMENDED CALIBRATION PROCEDURE FOR PHOTO I ON IZATI ON ANALYZER

8 Extension ProCe

: on Probe

000946



iiiiiiiiiiiiiiiiiii

HNU PI 101 RECALIBRATION FORM

DATE
INSTRUMENT SERIAL

RECALIBRATED BY

STANDARD REFERENCE FOR CALIBRATION SAS:
midrange ___i
lowrange ___3

RECEIVED FROM __________

ppm
ppm

PROGRAM

Was instrument recalibrated In field?
Battery Check? yes __ no _
Intitlal Zero (0-20 ppm range) _
Challenge with midrange standard.
Init ial Reading Designated _

Observed _
Potentiometer Setting (as found) _
Final Reading (after reca l ibrat ion)
Potent iometer Sett ing (F i n a l ) ____

y*s ___ no
(if no, recharge)
____ ppm ___

ppm
ppm

ppm

Post Ca l i b ra t i on Zero (0-20 ppm range
Chal lenge with low range standard.

ppm

I n i t i a l Read ing

Fina l Zero (0 -20 ppm range)

Des ignated
Observed

ppm
Dpm

Observed
Final

ppm
ppm

No. 3816GG8Rev
Page 9 of 9

VDC

VDC
voc

VDC

VDC

voc
VDC

VDC

PREVEN T IVE MAINTENANCE PERFORMED; Source Window Cleaned? yes __ no
Othe-:

€0

CALIBRATED BY DATE

ADDITIONAL NOTES: <v^T^

S3N \-
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LUDLOK MODEL 3-5 SURVEY METER

1 * GENERAL
The Model 3-5 isthat operates onThe instrument

a wate rproof , portable survey instrumenttwo standard "D" cell flashlight batteries,eatures a regulated high-voltaoe, bowersupply ad jus tab le from 400 to 1500 volts and provides a4-lineac range from 0-200 ma/Br.
The unit body is made of cast aluminum, including the meterhousing, The can is 1/16 aluminum. Other operating featuresof the instrument include a unimorph speaker mounted to thein s trument can with an audio ON-OFF caab i l i t -capability, fast-slowmeter response , meter reset button, meter light pushbutton
and a 6-posit ion switch for selecting battery check or scalemultiples of X O . l , XI , X10 and X 100 . Eachhas its own calibration potentiometer, range multiplier
Any G-H probe of f e r edunit as well as many of
i n s t r umen t is set forspecial requ i rements ,
any G-H or scintillator

by the company will operate on
the scintillator-type detectors .900-vo l t , G-M tube operat ion .
it may be adjusted for operationtube between 400 and 1500 volts*

thisTheFor
with

The un i t i s o p e r a t e d w i th two flashl ight bat ter i e s foro p e r a t i o n f r o m 1 5 0 ° t o a p p r o x i m a t e l y 32 ° F F o r
t empe r a t u r e operat ion to 0 °F ( either very f r e sh alkal ine
ba t t e r i e s or r e c h a r g e a b l e N iCd ba t t e r i e s may be usedBattery drain averages 30 mill iamperes.

2. SPECIFICATIONS
POWER: two standard "D" si?e batter ies
FOUR L I N E A R R A N G E S : f r om 0 t o 200 mR/H r ; m e t e r sca le
presentat ion « 0 to 2 mR/Hr with range multiples of X O . l , XI,
A J. U f

SENSITIVITY: 40 mill ivolts, ( +2CmV, ~16mV)
AUDIO: bui lt- in unimorph speaker with an ON-OFF swi tch
HIGH VOLTAGE; externa l ly adjustab le from 400 to 1 5 0 0 volts
RESPONSE: 5 or 25 seconds for 90% of final meter read ing
LINEAKITY: plus or minus 5% full scaU

000951
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LUDLUK HODEL 3-5 SURVEY METER

CALIBRATION STABILITY: less than 151 var iance to battery endpoint
KCTERs 50 Micro-amp, 2 1/2-inch scale, with pivot-and-jewel

CONNECTOR * Se r i e s f lcn , 706 U/G? BKC or MHV may also beprovided
SI2E; 3.4 x 3*5 x 7.0 inches (H x W x L exclusive of handle)
WEIGHT: 3.5 pounds less detector
FINISH; dravn-and-cas t a luminum, with computer-be igepolyurethane eneir.el and si lk-screened nomenclature.

3. DESCRIPTION OF CONTROLS AKD FUNCTIONS
(1) Meter has a readout of 0 to 4K CPU and 0 to 2 mR/hr foran actual count of 0 to 4 0 0 , 0 0 0 CPM or 0 to 200 mR/hr, Abattery test sca le is also provided to check battery-chargestatus.
(2) A Ser ies "C" connectorcable and probe. is provided for connection of the

( 3 ) R a n g e C a l i b r a t i o n A d j u s t m e n t s a r e r e c e s s e d
potent iometers located on line with each multiplier posit ion.
These ad j u s tmen t con t ro l s al low individual calibration for
each range multiplier.
(4) Range Mult ip l i er Selector Switch i s a 6-posit ion switch
ma r k e d OFF , BAT, X 1 0 0 , X 1 0 , X I , X O . l . Turn ing t h e range
s e l e c tor switch from OFF to BAT position provides operator abat tery check of the i n s t rumen t . A BAT check scale on the
rr.eter provides a visual means of check ing the battery status.
M o v i n g the- r a n e e s e l e c t o r sw i t c h t o on e o f t h e r a n g e
mu l t i p l i e r p o s i t i o n s ( X O . l , X I , X 1 0 , X 1 0 0 ) p rov i d e s t h eope ra to r w i t h an overal l range of 0 -200 mR/Hr. Multiply the
sca le r ead i ng by the mult ip l i er for determining the actualread ing .
(5) H igh Vo l t ag e Ad j u s tm e n t prov ide s a means to vary the
h i gh vo l t a g e f r om 400 t o 1 5 0 0 vo l t s . Th e high vo l tages e t t i n g may be che cked at the connector with an appropr iate
vo l tme t e r .

c

i
000952



IlfI LODLDK MODEL 3-5 SDRVEV METER

(6) RES Button, when depressed,drive the meter to zero.

iiiiiiiiiiiiii

provides a rapid means to

<7) LAMP Pushbutton Switch, when depressed, lights the meter

(8) AUDIO ON-OFF Toggle Switch in the ON position operatesthe un imorph speaker, located on the left sid« ©f theinstrument. The frequency o£ the clicks is relative to therate of the incoming pulses. The higher the rate is, thehigher the audio frequency. The audio should be turned OFFwhen not required to reduce battery drain.
(9) Fa s t -S low Togg le Swi t ch prov ide s mete r response.Select ing the "FB position of the toggle switch provides 90%
of the final meter reading in 5 seconds* In "S" position,90% of the final meter reading takes 11 seconds . In HF f l

pos i t ion there is fast response and large meter deviation.In "Sn posit ion there is a slow response and damped meter
deviation.

4. OPERATING PROCEDURES
4.1 Reir .ove the battery box l id and install two

batter ies . Note ( + ) (-) marks on the inside of
Match the battery polarity to these mark s .

"D"the s izelid.

NOTE: Center post of flashlight battery is posit ive,
Replace the battery box lid,

4.2 Turn the range switch to BAT. The meter should deflect
to the battery check port ion of the meter scale. If the
me t e r does not respond, recheck that the batter ies haveproper polarity. Press the LAMP button and check for a
l ight on the meter .

4.3 Connect the cable to the instrument and de te c tor .
4 .4 Turn t h e i n s t rumen t

de t e c to r to a check
with the AUDIO ON-OFF

range sw i t ch to X 1 0 0 . Expose the
s ou r c e . The speaker should cl ickswitched to ON.

4.5 Move the range switch to the lower scales until a meterr ead i ng is i nd i ca t ed . The toggle sw i t ch labe led F-sshou ld have fas t response in nF n a n d s low re sponse in
"S" .
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MJDLOK MODEL 3-5 SDRVBY METER

4.6 Depress the RES switch. The meter should zero.
4.7 Proceed to use the instrument.

5, CALIBRATION
5,1 Detector Operating Point; Adjust the HV control for900 volts at the instrument connector for G-H detectors.

IIII

NOTE: If anuse ane lectrostat ic voltmeter is not available,use an ord i na ry volt-ohm~mill iameter with anattenuator to provide at least 100 Meg ohm meterre s i s tance . Select the appropriate scale and
then adjust high voltage to read 850 volts.
Do not use a vacuum-tube-type voltmeter for this
ad j u s tmen t un less an e x t e r n a l h igh vo l tagemultiplier probe is used.

Turn the instrument tc X 100 . Expose the instrument to aca l i brated gamma f ie ld and vary the range calibration
adjustment control for proper reading.

5.2 Spe c i a l Use Ca l i b r a t i o n : For special G-K de t e c torappl icat ions , the power supply may be adjusted for 450-
-vo i t and 1 200- v o l t G-K t u b e s . Fo l l ow th e a b o v e
p r o c e d u r e , only set the supply at the new opera t i ng
voltage.
For sc int i l la t ion c oun t e r s , connect the sc int i l lator.Expo s e the unit to a sou r c e anC develop an opera t i ng
v o l t a g e v e r s u s c o u n t - r a t e p lot . Se t t h e ope ra t i ngv o l t a g e at the f l a t t e s t port ion of this c u r v e ; then
proceed to ad j u s t each ca l ibrat ion control for the
des i r ed meter read ing .

5.3 Ca l i b ra t i ng CPU Sca le : To ca l ibrate the CPK scale, a
p r e c i s i o n pu l se g e n e r a t o r i s r e q u i r e d . The pulsrgenerator should be capable of provid ing a 75-mi l l ivo l t ,
or g r e a t e r , n ega t i v e pulse with a pulse-width of 5
microseconds .
Connect the pulse generator to the instrument and adjust
the pulse frequency to provide & 4/5-sca le deflect ion on
t h e X I 0 0 range ( 4 0 0 , 0 0 0 C P K ) . Ad j u s t t h e X 1 0 0 rangeca l i b ra t i on potenti ome t e r as r equ i r ed . Decrease the

c

000954



I
Ir
I
I
I
I
I
I
I

f

I-
I
I

ttJDLOK MODEL 3-5 SURVEY METER

pulee f r equency by decades and ad j u s t each range
calibration potentiometer accordingly,

6. MAIHTEKANCE
HQTE: NEVER STORE THE INSTRUMENT OVER 3& &AYg WITHOUT

BEHOVING BATTERIES. ALTHOUGH THIS IHSTRUBBKT WILL
OPERATE AT VERY HIGH AMBIENT TEMPERATURES? BATTERY
SEAL FAILURE CAH OCCUR AT TEMPERATURES AS LOW AS 100
DEGREES FAHRENHEIT. NEGLECTED BATTERY SEAL FAILURE
WILL SURELY CAUSE ONE AWFUL MESS!

Instrument maintenance consists of keeping the instrumentclean and periodically check ing batteries and calibration.Once initial ca l ibrat ion is performed, recalibration shouldnot be r e qu i r e d if batter ies are mainta ined in goodcondit ion.
An ins trument operational check should be performed prior to
e a c h use by e x p o s i n g d e t e c t o r to a known sour c e and
confirming proper reading on each scale.
U n d e r c e r t a i n c o n d i t i o n s , NRC r e q u i r e s i n s t r um e n t
reca l i b ra t i on every three month s . Check the appropr ia te
regulations to determine recal ibration schedule.
Also at three month interva l s , the batteries shoulc be
removed and the battery contac t s cleaned of any corros ion .
If the instrument has been exposed to very dusty or corros ive
atmosphere, more frequent battery servicing should be used.
Use a s p a n n e r w r e n c h t o u n s c r ew t h e b a t t e r y c o n t a c ti n s u l a t o r s , expo s i ng i n t e rn s ] con tac t s and battery spr ing .
Removing the handle will faci l i tate access to these contacts .

I
II

000955



iiiiiiiiiii
i
iii

LDDLOK MODEL 3-5 SURVEY METER

BILL OF MATERIALS
CIRCUIT BOARD, DRAWING 176 X 1?

CAPACITORS

C2
C3
C4
C5
C6
C7-C8
C9
CIO
Cll
C12
C13
C14
CIS
C16
C17
C18
CI9
C20
C21-C23
C24
C25

TRANSISTORS
C1-Q2
Q3
Q4
C5-Q6
07

r 3KV, C
.01KF, 50V, C
500PF, 500V, C
.0047MF, 100V, P
.01KF, 50V, C
10HF, 20V, OST
100KF, 10V, DST
4.7KF , 10V, OST
. 1KF , 10V, C
4 . 7 M F , 10V, OST22KF, 20V, T
.01MF, 50V, C
. IMF, 10V, C
100MF, 10V r OST
IMF, 35V, OST
.IMF, 10V, C
iOOPF, 3KV, OST
.005MF , 2KV, C
.001KF , 3KV, C
.001KF , 1KV, C
,01MF, 50V, C
500PF , 500V, C

2N2713
HPSU01
MPS6534
2N3877
M P S 6 5 3 4

INTEGRATED CIRCUITS
Ul
02
U3
t-<
U5-U6

C A 3 0 9 6
CD4093
C D 4 0 9 8
CA3096
LM358

04-5532
04-552304-S5S5
04-551304-552304-5507
04-5576
04-5578
04-5521
04-557804-5579
04-552304-5521
04-5576
04-5575
04-5521
04-5532
04-5520
04-5518
04-5519
04-5523
04-5555

05-5755
0 5 - 5 7 7 8
05 -5763
05 -57SC
05 -5763

0 6 - 6 0 2 3
0 6 - 6 0 3 0
0 6 - 6 0 6 6
06 -6023
0 6 - 6 0 2 4

C

C

7-
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1 .
QUEST IONS AND ANSWERS ON CENTURY OVA ;28 AND C;A

n

* "e OVA? Tr.e OVA (
on aetecto r package

air.

- ' c Vapor
to

5 a port
c. ga s?

* ' ' = -

2. How *oes OVA The 3/A , as n pr *vc j$ iy is a
Selector to which can be attack

qua l i t a t i v e and qualitative analysis o? ai r
3S

A s^a 1 1 d iap^ran punp ^ocate 't i n t egra l to t he OVA b r i n g s i r . a" ^ i r

sa.i^le th i-o^g 1^ a p i c f c j p probe i ' i / 4 " I . D . t u ^ - n g ; a t tne rate o f 1-2
l i t e r s per -mnute , Tm s ai r samp le is -vx*- : w ' t h ny^ger *--
d e l i v e r e d to t^e aetector chanDe r «here the n ix tu r e *»eds !• • ; s ^ a 1

f l a - ^ e . Tne f lane ^s par t of 3 ve^y s e n s i t i v e potent loneter s/ste"
w^ich :an detect the minjte 'o i i rat io i due to burn in $f o r ^ r i ;

IIIII

3. Wha t

Tne s u p p l y Q?" Hydrogen i s s t : -ed n a 75 c u t 1 : c en t ime t e r s s : ^ ' "
stee l tank ans fed to the f la~e t^^ougn 3 c a ^ e f j i l y

does tne readout t a t c e? The
poten t iometer is d i s p l ayed o« a merer located on the hand l e -,-' ***
p i c k up probe. The OVA is ca l i b ra t ed to reaa d i r e c t l y in pa r t s pe-
m i l l i o n as me t h a n e . The OVA 128 un i t rea.is out in a l i n e a r s : ^ ' e
three ranges 0 - 1 0 , 0 - 1 0 0 a n d 3 - 1 0 0 0 par t s p e r m i n i o n .

OVA i s fac tory c a l i b r a t e s *o r met iane gas bu t can De u se-
c a l i b r a t e d for other o rgan i c gas * s and vapo r s . A key fac tor :
i n m ind i s that d i f f e r en t o r g a n i c compounds mi l have
in s t rument re sponse s . Example a r e :

i
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cetone

Ketone
Metnyl A l c
Ethyl AT

IS
25

or vapo r

t ie ef fec t of oxyge" : n ' owe " ' i g -"

Tms g e n e r a ' r j ' e a ' S 3 a c p J ' e s t o n i t ro^ei
lower fe e ' fec t o* oxygen i " iO« e r i ^ g nst
T ^ i s gene ra l r ^ l e a l s o app l i e s to mfogen c o n c smng c
as amines and m t r i l e s and ^a • og^ate'i conpc^^ j s s - c " a

What co^ jQj nJs _Jo np; g^ ve an r response
conpounds a n d C O - , CO and hunla i ty l e v e l s .

6. What is the source _o;f power for tne O V A ? The OVA conta i n s a
r e f i l l a b l e hydrogen tank and rechargeab l e ba t t e r i e s (12 v o l t s 1

s u f f i c i e n t to operate the in s t rument for a imn in jm of 8 hojj_rs
f i e l d .

i
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column pack i ngs a re ut i l ized to ob ta i n separat ion ,
are chronosorfc and sup«?1coport .

In tie case of the OVA, the hydrogpn supplying the hydrogen
as tne carr i e * - gas for the

In operat ion , the user f i r s t determines that a g i v e n sa"i;/le is ^"-
de l i v e r ed to the dete:to r by ob s e rv i ng • meter response ro j gn l y \>z
f j l l sca lp . At th is ^st *nt . the inject vajj/e is depresses with a
s ^ ^ ^ p no t i o n . T^ i s a c t i o n a c compMshe s two t h i n g s . F i r s t , 3 0 . 2 5 c
s amp l e of the air m . K t j r e i s in troduced into the ny^ogen car^e ' g
w^* ch then proceeds to enter the c ^ r ona t og r aph i c co 1 j^n.

Se c o n d , the a ir s amp l e be i ng brought in to the ^ n s t -J^ en t probe i s
c j i " e c t e d t n rougn a c ^ a r ^ c o a i f iUe " c a r t r i d g e . Th i s i n sure s t ha t
"c 1 ea n " a ir 15 b e i ng 2~ recte-J to f ie de t e c to r ,

A c^a n t r e co rde r i s a t t a c h e d to the OVA to o b t a i n i n s t r umen t
ov e r t i r i e as the conpc"en t s o* tht? samp le e x i t the co • J"»n and
to the detector .

To return tc the " t o t a - hyd r o c a r bon s 1 1 mode of ope ra t i o n , the jnj^ect
v e l ve is pu l l ed upwa^ to Us or ig i^ l p o s i t i o n . The h a c k f 1 jsh is
tnen rever s ed (to a p o s i t i o n opposue of what i t was p r i o r to the
a n a l y s i s ) to b a c t c f l j s * tnp c ^ > u n n anc c l e a r i t of ve ry s l ow r r i o ^ i n y
conoonen t s wh i c h w i l l e v e n t j a l l y dog the co l umn and reduce the f l ow
of ca r r i e r gas .

The c h a r t r e corder g i v e s a record of the e x i t of c ompon e n t s c a l l e r a
chronat^og '- jrn . The t ime i t t a ^ e s for eacn compound to exi t thp ^o 1 j"
as f^east ired from the i n s t a n t of i n j e c t i on is ca l l ed the r e t e n t ' o ^ V
and s e rve s to ident i fy the compound. The procedure thus g i v e s
q u a l i t a t i v e i n format i on regard ing tne ga s m i x t u r e be ing exam i n e d .
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The area under the chronatograpMc pea* is proport ional n tie
concen t ra t i on of the conpojnci wn i ; h the pea i- reprpsents . Tne V.
thereby yields quan t i t a t i v e Inf oration about the g?s m ix t j r e .
Whl*' t P I P ? c * ' P J P fo r snor t ' i

c c^j-ms o* tn? Ti'i *device used for keeping the
constant , preselected t^pe-atjre dur ing ana lys i s . T-iis centre 1

required p a r t i c u l a r l y f° r ojt <1oo r use of t^° OVA beca j se thp ret
r'or o rgan i c conpo j ^3s on a cnro^^t ̂ g "?p h ' • : co^ j^"i v a " * e s «*:tn
t empera tu r e .

Tne PIP c o n s i s t of 3 net a) contane 1 ' r o u g ^ - y -1" in ma~iet~r a r3 j
w^ic^ i >s wound the ch rona tog ^ap^ c co l j nn . The colu^ is thei r

i n p l a c e wi th po l yu r e t hane foan, the who l e De ^ . t g c o r t e i n e - i n s i d *
Outer p la s t i c con ta i n e r .

When the cover of t ^ e PIP i s re?no ; ed , t he - i n e r a l j ^ ^ i u n c o n t a - ^
can DC f i l led wi tn a s o l j t ^ o ^ at a cons tan t tenpe^atjre (ex'ar.p^e
and wa t e r ) or a met e 1 s l u g hea t ed t j a de^ i ' ed t e ^ p e ra t j r e can ^
as a heat $ i n K .

The D iP - i s mounted o^ a b r a c k e t or the s i d e j f the O V A .

Wh a t a c c e s s o r i e s a r e a v a i l a b l e fo r t h e Q/A
a v a r i e t y of s_t_a_nd a r_^ _ a c c_e s s o f 1 e s . Tne se

a . The i n s t r umen t c a r r y i n g and s t o r ^ g p
b . The fuel f i l l i n g hose
c . The A . C . battery charger
d. Tr>e earphone
e . P i c k u p f i x t u r e s

OVA

I Century O V A ' s c an a l s o b e equipped w i t h v a r i e s o p t i o n a l a c c e s s o r i e s
are :
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Line

ID Number

Check Sum

\63,61

W IK62^82^3--02'* W'W 02'*4BZ.85 02.04 02.05 02.04 ft? fle.
«?« «.*4 02.05 02 Is 0295 0 2 6 492.95 02.05 02.05 82.04 02?05
0S?2«,e2*05 02 '04 92^5 0-2.05 02.9402.05 02.05 ^2.05 02.65 0204

TECHNOLOGY
BEDFOK* rift USft
6 17-2P5-5444

L IST ING
IJN OFF

11 INS MIN ' 19y004 0000
0006 0012 0800
0005 W066 0000
W001.

* - 1 = 0^63 F- 0012 Z=

LONG
M6/M3
02.04
0 1 . 6 1
9 1 . 6 1
90.81
99. &e
98.82
08.00

Programmable
Select ion
Code

Zero Value

Z«ro Cheek

I Continuous
I 10-Second
>l*rintout of
I Concentrfttl
I (in mg/m3)

Playback of
^Stored Data

Figure 3. Typical MINIRAM Model PDM-2 Digital Printout Format:
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I

110 OR
300 BAU&

ASC ti
20 mA LOOP

m OP
VOC

POWER SUPPLY

Figure 4. - 20 mA loop connection

PR INTER
1 10 OR

300 BAUD
ASC 1 1

R S - 2 3 2

+ • — - — • ————

+ 12 V
POWER S U P P L Y

0V

1 0
+ 1

-12 V

K I
2 Vf

L-^ ——

POM

> 100V-f
Figure 5. RS-232 cor.neceion
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THUMB SCBEW
FRONT SENSING CHAMBERINLET

HOLD DOWN

SENSING
CHAMBEREXHAUST

BACK SEALING
PLATE

Figure 6a Flow Adapter

Figure 6b MINTAAM with Flow Adapter Attached

GCA Technology Division
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PUMP

BATTERYCHARGER
CONNECTOR

ZERO AtftINLET TO

THUMBSCREW

MOLD DOWNTAB

AIR
EXHAUST FROM

SENSING CHAMBER

Figure 7a Zero Check Module

Figure 7b MINTRAM with Zero Check Module Attached

33
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GCA Technology Division
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MILLIPOREFILTER HOLDER

HOLD SOWN
CYCLONE

THUMBSCREW MSA
FILTER

CASSETTE

fl (/ BACK
SEALING PLATE

SENSING CHAMBER
EXHAUST
(TO PJMP)

Figure 8a Personal Sampler Adapters

Figure 8b MINIRAM with Personal Sampler Adapter Attached

GCA Technology Division
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I
I THUMBSCREW

SENSINGCHAMBER
INLET

HOLD DOWN
TAB

I
I
I
I
I
I
I
I
I
I

SACK
SEALING

PLATE SENSING
CHAMBEREXHAUST

Figure 9a Respirator Adapter

Figure 9b MINI RAM -with Respirator Adapter Attached
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Figure 10. MINIRAM wi-.h Sunshield Attached

Figure 11. Model Ft>M-SS Shoulder Strap
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GCA
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Figure 12. Model PDM-TS Table Stand

Figure 13. Dot Matrix Digital Printer
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SUBSURFACE SOIL SAMPLING

GENERAL

The objective of subsurface sampling Is to obtain soil from known depths In
order to evaluate site characteristics, detect the presence of any
contaminants and to evalutate the potential for pollutant migration. In
the following sections, the equipment and techniques used to collect
subsurface soil samples are described. General procedures which shall be
followed during sol! sample collection, including the cleaning of sampl ing
equipment, are presented in method number 3816009.

2.0 BOREHOLE DRILL ING

Subsurface soil samples from boreholes can be obtained at specified depths
or continuously. Several techniques can be utilized for advancing borings
inc luding jetting, wash boring, auger boring, or rotary dr i l l ing . These
techniques are briefly descr ibed in procedure number 38160L3. Jet t ing , is
not appropriate where soil samples are of concern.

In some instances borehole advancement, in connect ion with soi l samp l i ng ,
is accompl ished by cont inuous sampl ing .

3.0 SOIL SAMPLING

The bor ing techniques uti l ized to excavate a borehole result in
considerable disturbance of soi l and do not al low for accurate
determinat ion of the depth from which soi l mater ia ls have been excavated .
Therefore spl i t spoon, thin wal l tubes or other sampl ing techniques must be
used in conjunction with boring operations to obtain soil samples.

Subsurface samples may be obtained at predetermined depths, at every change
in l ithology or continuously. Continuous sampl ing provides the most
accurate record of subsurface conditions for interpretive purposes.

AG9-6/1
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3.1 Split Spoons

Split spoons are devices used to obtain subsurface samples of up to
2*5 feat in length within hollow stem auger flights, eased borings,
and mudded holes. The 1 .75 to 2,6 In ID split spoon samplers are
advanced fnto the undisturbed material beneath the bottom of the
casing or borehole by use of weighted hammer and drill rod. The
relationship between hammer weight, drop and blows required to
advance the split spoon In 6-inch increments 1s an indicatoin of
density or consistency of subsurface soils. After the split spoon
has been driven the prescribed depth, it is removed carefully to
avoid loss of soil materials. In non-cohesive or saturated soils a
nest shall be used to help retain the sample.

Fol lowing removal of the spl it spoon from the cas ing, it shal l be
detached from the dril l rod and opened to a l low for visua l
class if icat ion of the sample. When less than a 10-inch sample has
been obtained, a second cleaned sampler shal l be lowered into the
hole and a second sample sha l l be obtained. The f irst sample
collected, if any, shal l be retained unless greater sample recovery
is obtained dur ing the subsequent sampl ing attempts. The entire
sample (except the top several inches of poss ib ly "d i s turbed"
material) shall be retained.

Samples of cohesive clays or si lts shall be wrapped in aluminum foi l
pr ior to storage in jars, to preserve as undisturbed a sample as
possible.

Once an adequate sample is col lected, the sample shal l be inspected,
descr ibed, planed in wide moutn jars , labe led p and stored fortransportat ion to the laboratory.

If volat i le organic analyses are to be performed, VOA v ia l s sha l l be
fi l led immediately i rorn the spl i t spoon before jarr ing. Subsamples
for other specif ic chemical analyses shall be taken as soon as
poss ib l e as required.

AG9-6/2
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3.2 Thin Wall Tubes

Thin wall tubes are hollow pipes which are pressed or driven into the
soil without rotation to obtain core samples of relatively
undisturbed soi ls *

Thin wall tube samplers are generally 1 ,875 in ID, 2 in OD and 2 to 3
feet long, but may be of any size convenient for sampling. The thin
wall tube has a sharp cutting edge and a positive inside c learance.

Thin wall tube samplers may be pushed or driven into soi ls ins ide
hol low stem auger fl ights, wash bore casings or uncased boreholes .
The tubes are pushed Into the soil without rotation unti l the desired
depth is attained or to refusal. If the sample tubes can not be
advanced by pushing, it may be necessary to drive th-. tube into the
so i l , without rotation, us ing hammers and dr i l l rods. The tubes are
generally allowed to remain in the boring for 10 to 15 minutes to
a l low bui ldup of sk in fr ict ion pr ior to removal . The sampler is t!;-;ii
rotated to shear the sample from the soi l below and careful ly removed
from the borehole.

Fo l l ow ing removal of the tube sampler from the dr i l l i ng equipment,
the sampler is inspected to ensure that an adequate length of samp l e
as been obta ined . This samp l i ng procedure shal l be repeated unt i l an
adequate soi l core is obtained provided that the mater ia l be ing
sampled is of a nature which would permit retention in the samp ler .

Upon successfu l retr ieva l of a so i l core it shal l be descr ibed and
recorded in the log book and any disturbed soi l shal l be removed from
each end of the tube. Samples for volat i l e organic analys i s must be
extracted from the so i lds sample as soon after the sampler is
withdrawn as poss ib le . Dur ing transport to the sampl ing s tat ion , the
tube should be capped with 3 non-reactive mater ia l . For other
parameter, the shelby tube shal l be sealed by pouring three 1/4 inch
layers of l iquid wax such as Socony Vacuum Product 2300 in each end
a l lowing the wax to so l id i fy between each layer. The remain ing space

AG9-6/3
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shall be filled to the end of the cylinder with Ottawa sand or other
similar sand and allowed to settle and compact. Plastic caps shall
be taped over the ends of the cylinder and then sealed by
successively dipping the ends into liquid wax. The tube shall then
Be labsled, Cars should be taken In handling to label the top and
bottom of the tube.

IIIII AG9-6/4
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Project Operations Plan

Worth Cavalcade Site

7777-141-WP1

June 19, 1981: Final
Wancy B. Johannssmeyer
Robert S. Kier

SUBSURFACE SOIL SAMPLING
ADDENDUM TO METHOD No. 3816031

The general procedures provided in Method No. 3816031 of the Site InvestigationsProcedure Manual (see Appendix IV) will be used to collect the subsurface soilsatHples. In addition, the following procedures will be utilized for the collectionand surrogate analysis of subsurface soil samples.
a. Procedures specified in the subcontractor bid package for subsurface soilinvestigation contained Appendix IV will be followed:
b. The following on-site and off-site localities will be sampled during the sub-surface soils investigation program. These locations have been based onexamination of historical aerial photographs and previous data collected inother sampling programs.

oo
oo

Northern point of the North Cavalcade SiteKnown or potential locations of past wood treatment areas
Off-site location at Mavry and Woodard streets
Random locations throughout drip track area in central part of site.

c. These localities will be investigated first using a portable power auger.
The 200 power auger boreholes are to be advanced to a depth of 5 feet.

d. The soil materials brought up from the power auger borings will be quali-
tatively screened using OVA and HNU instruments and described by the on-site
geologist. The instrument readings and soil description will be entered into
the field notebook. The approximate depths of each soil type will be notedin the field notebook.

e. All downhole equipment including the power auger will be cleaned prior to
sampling and between use using the following method:
1. Rinse with clean distilled water, or steam clean with steam generator as

necessary.
2. Rinse with alconox detergent solution, brush deposits if necessday, andallow to dry.
3. Rinse P.t least once with clean distilled water,

f. All sample locations will be staked and marked with an appropriate label.
g. All soil materials removed from the hole shall be collected, containerized

and stored in compliance with RCRA regulations for proper disposal.
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Project Operations Flan

North Cavalcade Site

7777-141-WPl

June 19, 1985 final
Nancy B. Johannesmeyer
Robert S. Kier
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h. The pow&E1 auger borehole will ba grouted back to the original surface using anon-shrink bentonite-cement mix.
i. The power auger borings will be ased to start determining the limits of thesoil contamination and to guide th© placement o£ deeper surface borings.Deeper soil borings will be conducted at 49 on-site locations and 1 off-sitelocation,
j. Each boring will be advanced and sampled continuously to a minimum depth offive feet below the base of the shallow aquifer or until there is no overtcontamination that can be detected visually. At a minimum, the borehole willbe 25 feet deep.
k. samples will be collected continuously using a 3-inch diameter split-spoon

sampler that will be driven into the ground in consecutive 18-inch intervals.The over-sized split spoon sampler that will be driven into the ground in
consecutive 18-inch intervals. The over-size split spoon is needed to pro-vide enough sample for standard laboratory analyses, especially whenduplicates are collected.

1. Upon recovery of the sample from the borehole, the split-spoon sampler willbe opened after placement on a clean teflon sheet.
m. AS the spoon is opened, the soil material will be qualitatively screened

using an OVA and/or HNU and described by a geologist using the following
techniques.
1. Verify that the OVA or HNU have been calibrated within the last four

hours and that the equipment is functioning properly.
2. As the split-spoon is opened, pass the air intakes along the sample at a

distance of approximately one-half inch, noting the location and magni-
tude of the readings in the field notebook.

3. At roughly six-inch intervals, position the intakes close to the sampleand then disturb the soil material with a spatula noting the locations
and magnitude of the readings in the field notebook.

4. Record the highest readings on each instrument for each six-inch interval
of sample recovered, identifying any interferences and basis of
measurement.

5. Before the borehole is advanced or the next sample is taken, place theair intakes into the borehole, six inches below the ground surface,noting any readings and interferences in the field notebook.
6, Record the soil descriptions into the field notebook.
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The disturbed ends of the sample should be trimmed. The soil material willthen be divided into three six-inch samples and placed in separate samplecontainers using clean stainless steel spatulas for further analysis or

If less than 18-inches of soil is recovered by the split-spoon, the geologistwill use his judgment to assign depth intervals to the recovered material.
After the sample has been placed in a bottle for storage or future analysis,a headspace analysis shall be performed in the field using the following
techniques.

Each sample will be placed in a sixteen ounce wideraouth glass jar with
aluminum foil and teflon caps.
Verify that the OVA and/or the MNU have been calibrated within the last
four hours and that the equipment in functioning properly.

1

2

3. Leave the sample container at the borehole site. After a minimumof 15 minutes of equilibrium in the sample jars, place the air intake of
the instrument through the aluminum foil and into the headspace of the
jar. The length of time prior to conducting the headspace analysis
should be approximately the same for each sample.

4. In sun or shade the "plateau" readings of the headspace in ppm will be
recorded in the field notebook along with the ambient temperature. The
length of time between placing the sample in the sample container and
conducting the headspace analysis will also be recorded.

5. An average of four soil samples from each continuous soil boring showinga range of CVA and HMJ readings from low to high concentrations and/or arange of distinct soil materials will be sent to the on-site warehouse
for surrogate analysis by COM personnel.

q. .Approximately four samples per continuous soil boring will be analyzed by CDM
personnel using a surrogate analysis. These samples will be screened for
2inc, copper, chromium and arsenic using an x-ray fluorescence machine. The
procedures to be utilized for conducting this analysis are provided in
Appendix IV.

r. From t •> samples subjected to surrogate analysis 20 samples or 15 percent(which-. sr is greater) will be sent bo the contracted laboratory for theanalyses described below.
s. Should highly contaminated samples, containing relatively pure product, beencountered on the site, up to ten samples will be subjected to the analysisfor the parameters described below.
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t. The boring will be advanced using dry hollow sfcem augers or other methodsapproved by the geologist that do not use drilling fluids.
u. The split-spoons, teflon sheets and spatulas will be decontaminated inaccordance with ths standard protocol presented in Step F prior to each use.the drilling rig and all related equipment and tools used at one boring willbe steam-cleaned prior to re-use.

iiiiii
i
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SURFACE WATER SAMPLING

1.0 OBJECTIVE

The objective of obtaining surface water samples Is to determine the
surface water qtnlity entering, leaving or affected by the sfte. Surface
water samples are considered environmental samples (containing low
concentration!; of contaminants) but accurately quantifying the contaminants
present 1s of utmost importance* In order to obtain a representative
sample, the hydraulics of the water course must be determined before
sampl ing, so that the most representative sample can be obtained.

Either grab or composite samples may be collected. Grab samples are
collected at one particular point and time. Flow- or time-weighted
composite samples are composed of more than one aliquot collected at
various sampl ing sites and/or at different points in t ime. Because of the
unknown safety r isks , as well as tha changes in chemical nature of the
sample that may occur through composit ing, samples conta in ing hazardous
materia ls at significant concentrations shall not be composited.
Environmental samples containing low levels of toxics roay be composited
however, as described in the site specific sampling and analytical plan.

If it is necessary to wade into the water course to obtain a sample, the
team member shall be careful not to disturb bottom sediments and shall
enter the water course downstream of the sampling location. Whi l e in
real ity, it is difficult to prevent d isturbance of the sediments, it is the
responsibi l ity of the team member to min imize the introduction of sediments
into the sample . If necessary, the samp l i ng technic ian shall wa i t for the
sediments to settle before tak i ng the sample .

If the water course is moving, a depth integrated grab sample sha l l be
obtained. A depth integrated sample is col lected by lowering an open
container (shown in Figure 1) against the flow, to a depth just above
bottom. The container is then turned into the flow and raised at a rate
that a l lows it to just fill when it reaches the surface. The sample sha l l
be col lected in the middle of the stream.

AG9-6/1
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2.0 EQUIPMENT

The best choice of sampling equipment depends on the particular conditions
at the site and the water body being sampled. The tyes of samplers
available are;

o Open tube
o Pond Sampler
o Manual Hand Pump
o Weighted Sottle Sampler
o Kemmerer Sampler
o Extended Bottle Sampler.

Of these, the pond sampler and the weighted bottle sampler wi l l be used
most often. The criteria for se lect ing a sample col lector are:

o Disposable and/or easily decontaminated - A col lect ion device
may not be used again without sufficient cleaning.

0 Inexpens ive - Th i s is a necessity if the item is to be d i sposed
of.

o Each of operat ion - Cumbersome safety c loth ing and the use of
protective respiratory equipment d i c ta te the use of s imp l e
tools.

o Nonreactive - The device must not react with the sample in such
a manner as to contaminate it.

I

I

o Safe - The unit must not present a safety threat to the user .

3.0 SAMPLING METHODS

3.1 Pond Sampler

The po.id or dip sampler (Figure 1) consists of a container attached to the
end of a long pole by an ad jus tab le clamp. The pole can be of any
AG9-6/2
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non.reaetive material such as wood, plastic or metal, as it win not be in
contact with the sample itself. The sample shall be collected in a jar or
beaker made of stainless steel, glass or non-raactive plastic. Preferably,
a disposable beaker which can be replaced, shall be used at each station, '
Liquid wastes from water courses, ponds, pits, lagoons or open ms«T* are
"ladeled" Into a sample container,

3»2 Manual Hand Pumps

Manual pumps are available in various sizes and configurat ions. Manual
hand pumps are commonly operated by peristalt ic, bellows or diaphragm, and
siphon action, Manual hand pumps which operate by a bel low or diaphragm,
and siphon action should not be used to collect samples which wi l l be
analyzed fo volati le organics *

The pump is operated according to manufacturer's instruct ions . The sample
inlet hose is inserted into the l iqu id to be sampled, and a crank or
bel lows is act ivated.

To avoid contamination of the pump, a l iquid trap cons i s t ing of a vacuum
f lask is inserted at the sample in let hose to collect tha sample (F igure
2). Teflon tubing sha l l be used for the inlet hose which the l iqu id samp l e
in order to avoid sample contaminat ion . The hose and trap must be f lushes
between s tat ions with a minimum of three volumes o* l iqu id, and c leaned cr
replaced at the end of each day.

3.3 Weighted Bott le Sampler

The sampler (F igure 3} cons i s t s of a g lass bott le , a we ight s i n k e - . a
bott le stopper, and a l ine that is used to open the bottle and to iower and
raise the sampler dur ing sampl ing . There are var iat ions of this sampler ,
as i l lustrated in the ASTM methods 0 270 and E 300. This sampler can be'
either fabricated or purchased. Procedure for use:

1 . Assemb le the weighted bott le sampler as shown in F igure 3.
2. Gently lower the sampler to the des ired depth so as not to remove

the stopper prematurely.
AG9-6/3
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3. Pull out the stopper with a sharp jerk of the sampler line.
4. Allow the bottle to fill completely, as evidenced by the cessation

of afr bubbles,
5. Raise the sampler and cap the bottle.
6. Wipe the bottle clean. The bottle can be used as tne sample

container.

Alternatives to the weighted bottle sampler are the Kemmerer sampler ana
the extended bottle sampler.

III AG9-6/4
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Figure 5 . 4 . 1 Pond sampler .
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Figure 5 . 4 . 3 Weighted bottle sampler ,
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SEDIMENT SAMPLING

1 .0 GENERAL

Sediment samples are obtained at uncontrolled hazardous waste sites and
controlled substances work areas in order to provide iftforoatioft <m
transport of contaminants. Sediments consist of soil materials which have
been transported to ponds or streams due to surface soil erosion or those
materials that occur natural ly under submerged conditions. Sediments are
general ly saturated and may be composed of mineral or organic mater ia ls or
a combinat ion of these.

2.0 SAMPLING EQUIPMENT AND TECHNIQUE

Sediment samples may be obtained us ing on-shore or off shore-techn iques .
Sediment sampl ing equipment and techniques must be designed to min imize the
risk of d i lut ion or loss of material as the sample is moved through the
water co lumn . For these s i tuat ions where f loatat ion devices or boats are
required for sampl ing, extra precautionary measures must be employed. At a
min imum, life preservers must be provided and two ind iv i dua l s sha l l
undertake the samp l i ng and an add i t iona l person sha l l remain in v i sua l
contact on-shore to observe the operat ions .

In the f o l l ow i ng sec t ions , sed iment samplers and the ir use are descr ibed .

2.1 Dip Sampler

I dip sampler cons i sts of a po le to which a jar or scoop ib at tached . The
pole may be made of bamboo, wood or a luminum and be either te l e s cop ing or
of fixed length. The scoop or jar at the end of the po l e is usua l ly
attached us ing a clamp.

The dip sampler is operated by submerging the jar or scoop and pu l l i ng it
through the sediments to be sampled. The samples retr ieved are then
transferred into the appropr iate sample con ta i n e r by decant ing l iqu id phase
and reta in ing the sediments.

AG9-6/1
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2,2 Hand Operated CoreSafflptirs

Hand operated sediment core samplers are used to obtain sediment samples in
shallow water (<3 ft)* These samplers operate in a manner similar to that
described for soil care samp Is r^, Hdwfw Ncausa of the saturated
conditions of sediments, provisions must ba provided so that the sample is
retained within the sore. Core samplers are generally constructed of an
outer rigid metal tube into which a 2 inch ID plastic core sleeve fits with
minimal clearance* The cutting edge of the core sampler has a recessed lip
on which the plastic sleeve rests and which accomodates a plastic nest,
This nest is oriented such that when the sampler 1s pressed Into the
sediment, the core is free to move past the nest. Due to construct ion of
the nest, the core wi l l not fall through the nest upon removal of the
sampler from the sediment.

When the sampler is removed from the sediment, the plast ic s leeve is
removed sealed and labeled. Core sleeves should be sealed by pack ing ends
with c lean sand and p lac ing p last i c caps secured with fr i c t ion tape over
ends. Care should be taken in handling samples and the orientation of the
sample core shall be indicated on the sleeve.

Because core sleeves and nests are general ly made of p l a s t i c * spec ia l
prov i s i on s shou ld be made if samples are to be tested for ch lo r i na t ed
organ ics .

The land operated core sampler wil l not be useful for obtain ing samples of
grave l ly , stoney or conso l idated sed iments .

2 -3 Core S am l e r s

Gravity core samplers are used to obtain sediment samples 1n water bodies
or lagoons with depths of greater than 3 to 5 feet. These types of
samplers can be used for co l lect ing 1 to 2 foot cores with a 2 inch ID, of
surface sediments at depths of up to 100 feet beneath the water sur face .

AG9-6/2
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As with all core type samplers, they are not suitable for obtaining sassoles
of coarse « gravelly, stoney, or consolidated desposits. They are ho«*/er,
useful for fine grained Inorganic and organic sediment sampl ing.

Tfce gravity core sampler operates 1n a manner similar to the hand operated
core 1n that a plastic sleeve of 2 Inch 10 fits within a metal core housing
fitted with a cutting edge. Plastic nests are ussd to retain the core
within the plastic sleeve. An opening exists above the core sleeve to
allow free flow of water into and through the core as it moves vert ica l 1 ,/
downward to the sediment. The sampler has a messenger-activated valve
assembly which seals the opening above the plastic sleeve following
sediment penetration. This valve is activated by the messenger creat ing a
part ia l vacuum to ass i s t in sample retention during retr ieval .

Samples are obtained by allowing the sampler which is attached to
approximately 100 feet of a ircraft cable to drop to the benthic deposits,
The weight of the sampler dr ives to core into the sediment to vary depth.s
depending on the character i st ics of the sed iments . The messenger is the*
dropped on the taut aircraft cable to seal the open ing above the p l a s t i c
sleeve* The sampler is then carefully retrieved.

Upon retr ieval of the sampler , the p las t i c core . s leeve is removed and v o ' d
spaces at either end packed w i t h c lear sand . The sample is then sea led
with p l a s t i c caps attached u s i n g fr i c t ion tape. Care should be excer i s e s
in label ing in order to properly identify sample orientat ion.

III
2 .4

Dredges are general ly used to sample sediments wh ich cannot eas i ly be
obtained using coring devices or when large quant it ies of mater ia l s are
required. Various dredge designs are avai lable for sampling in deep or
turbulent waters and for obta i n i ng samples from gravel ly, stoney or dense
depos i t s .

Dredges generally consist of a clam shell arrangement of two buckets . The
buckets may either close upon impact or be activated by use of a messenger

AG9-6/3
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Dredges are commonly quite heavy and therefore require use of a wincn and
crane assembly for sample retrieval.

Upon retrieval of the dredge, the sample can either be sieved or transfered
directly to a sample container for labeling and storage.

Dredge types which could be used for sampling include Ponar, Petersen and
Ekman dredges.

AG9-6/4
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SAMPLING OF ORGANIC VAPORS AND AIRBORNE PARTICULARS

1 .0 INTRODUCTION

This procedure shall be followed to collect organic vapors and participates
present in anfetatft air. A known volume af air 1s drawn ffktf&ugft a
three-stage sampler consisting of a teflon filter followed by a two-stage
Tgnax-SC sorbent tube to trap the organic vapors/particulates present, The
filter is used to collect pollutants In a solid state or adsorbed on
particulate matter and Is analyzed separately after sampl ing. The sorbent
is used to collect vaporous analytes* The organics are desorbed from the
fi lter and Tenax thermally, and the sample is analyzed us ing a coupled gas
chromatograph/mass spectrometer.

2.0 EQUIPMENT

2.1 Sampl ing Pump

A cal ibrated personal sampl ing pump whose flow can be determined to an
accuracy of * 5% at a low rate of 1.0 to 1.5 1/min is required. The pump
i s ca l ibrated with a representative sampl ing assembly in l i n s .

2.2 Qrgan i c Sampling_Fi 1 ters

The f i l t er assembly cons i s t s of a two piece 37 mm f i l t er cassette packed
with a tef lon coated glass f iber f i l ter (Pa l l f l e x Products , Inc . T60A20 or
equ iva lent ) .

2.3 Organic Sampling Tubes
- TI .TfLi n i , , , - - - i i i . -- r— --] _.-._* ' '-. urn • mm-MT

The sampl ing tube used to collect the sample cons ists of a glass tube,
10-cm long with a 6-mm I .D , and a 8-moi 0 .0 . packed with two sections ofp"Tenax-GC . The two sect ions include a front adsorbing sect ion ( 100 mg) and
a backup section (50 mg) . The two sect ions are separated by a port ion of
s i ly lated glass wool . A plug of s i ly lated g lass wool is placed at each end
of the sorbent tube. The pressure drop across the tube must be less than

AHO-5
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one inch of mercury at a flow rate of 1.0 l iter per minute. (SKC Inc. , CAT
1226-35-03 or equivalent).

3*0 PROCEDURE

3.1 A sample size of 150-300 liters 1s recommended
flow rate of 1*0 liters per minute.

at a known

i

3.2 Immediately before sampl ing, break open the ends of the tubes.
D3.3 The section containing 50 mg of Tenax-GC is used as a backup and

should be positioned nearest the sampling pump. The tube should be
placed in a vertical posit ion during sampl ing to avoid channe l ing and
subsequent premature breakthrough of the analyte.

3.4 Air sampled should be passed through a teflon coated glass f iberpf i l t er before entering the front section of the Tenax-GC tube to
trap any analyte in part iculate form present in the atmosphere.

3.5 Set the flow rate of the pump as accurately as poss ib le u s i ng the
manufacturer ' s d i rec t ions , Record the information necessary to
determine flow rate, and a l so record the in i t ia l and f ina l samp l i ng
t imes . Record the temperature and pressure of the atmosphere be ing
sampled.

3.6 The tubes should be firmly sea led wi th p la s t i c caps Immediately after
samp l i ng . The fi l ter cassette wi th the teflon coated g la s s f iber
f i l ter must a l so be sealed at both ends w i th caps prov ided by the
manufacturer .

D3.7 One Tenax-GC tube and teflon fi lter should be handled in the same
manner as the sample tubes except for the tak ing of an air sample .
This sample should be labeled as a b lank . Submit one blank for every
ten samples, for any batch or partial batch of fewer then ten
samples .

AHO-5
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3*8 At least one bl ind duplicate should be prepared for each sampling set
taken per day. A bT*nd duplicate Is generated by collecting
duplicate field samples (other than a blank) simultaneously at one
location and labeling each of the two duplicates with a unique fie ld
cade, consistent with the field sample coding system* as If they were
Independent samples.

B3.9 A minimum of six unused Tenax-GC tubes and filters should be
available for use In desorptlon efficiency studies 1n conjunction
with these samples, because desorption efficiency may vary from one
batch or sorbent to another. Record the batch number of the
Tenax-GC and filters used.

4.0 SPECIAL CONSIDERATIONS

4.1 Where two or more compounds are known or suspected to be present in
the air, such information, inc luding their suspected identit ies,
should be transmitted with the sample, if poss io l e .

4.2 Due to the high flow resistance of the sampl ing assembly, this
sampling method places a heavy load on the sampling pump. Therefore,
no more than f ive hours of samp l i ng should be done without f irst
recharg ing the battery.

5 .0 SH IPP ING INSTRUCTIONS

2Capped sample tubes and f i l t er samples shou ld be packed t ight ly and
padded before they are shipped to min im ize breakage or leakage dur i ng
Sh ipp i ng .

6,0 REFERENCES

P e 1 l i 2 a r 1 , E . D . , "Analys i s of Organic Air Pol lutants by Gas Chromatography
and Mass Spectrometry", EPA-600/2-77- 100 ; U .S . EPA p. 1 14.
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SAMPLE BOTTLE PREPARATION, SAHPU PRESERVATION AND MAXIMUM HOLD TIMES

1 ,0 INTRODUCTION

Depending on the analyses to be performed and the nature of the samples
being collected, the sample container must bs trailed according to specific
procedures. For environmental sauries, bottles should be washed as
described fn 'general bottle washing1 ff: 1} they win be stored for later
(not specified) usage 2) they will be used for composite samples for a
variety of routine analyses 3) they will be used for routine analyses not
requiring special preparation.

Hazardous samples must be placed only In glass containers with teflon-lined
screw caps. They must not be fixed with any preservative or preserved with
Ice or dry ice.

In order that the concentration of chemical constituents in environmental
samples are not altered prior to analysis, the samples are preserved by
appropriate standard techniques , 1f it 1s not poss ib le to add
preservatives to a sample container prior to sample col lect ion (as is the
case of samples that will be composited), samples to be analyzed for more
than one parameter should be placed on ice immediately upon sampling.

Listed in Table 1 are accepted container preparation and sample
preservation techniques for environmental samples which are described in
the pages that follow. Preservation procedures for those parameters not
shown in the fo l lowing tab le are given in ind iv idua l analytical
methodologies .

IIII

Bottle type, preservat ion techniques, and holdtimes (proposed) are defined
1n the Federal Register 44:69464, December 3, 1979.

AG9-6/1
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TROUBLE
t) Low s.-*mpCo (low ra*e on How indicator.

Nominally 2 units on How gauge (Soo atso 8
bolow and refer to paragraph 6 2.4)

TROUEHFSMOOIING PROCEDURE
a* Chuck [ trfmary { (Hep tn sittopark anrt

tutors tn tho pickup as*iomh(y.
b|[ Oolnrmhio as&nmhly c.otttAintn

ol elimination, I R , romcwt*
Readout Assembly, remove pplmary

hltiir, «lc
c| If tho restriction Is In (he Side Pack Assembly,

furthm Isolato by disconnecting the sample
flow tuhlna at various points, 1 a., pump output,
chamber Input. Ptc
Notn Tho Inherent restrictions due to length of
sample lino, flame arrostors. etc , must be
lakon Into account when trouble shooting

Itctocidwf.
Mm c<mlaln(r>a IMs tr-nt iM Hnn to

of truckage Clonn or rrplwii* .tt in
qtiirett.
)! tr> the ctotActm cJhamtiflt . romovn itnrl
poi o»s m^tftl fiamo «u»fHtors tt pnrnp is found to fo« the
problem, remowft »nd clean ot replace .

2S H2 flame wKt not light. (See atso 6 betow) a) Chock sample (low rate (see t above}.

bf Check Jpnfter by removlngi the chamber ex-
haust pott and observing the fltow when (he IG-
NITE Button $3 depressed.

cj Check for rated M? Supply Pressure. {Ltsted on
calibration plate on p'»rrsp bracket.}

Check H2 ttow rate by observing the PSt
decrease )n pressure on the H2 Tank Pressure
gauqe The How rate should be about 130 PSt
docr-.iase tn pressure per hour. (Approximately
t?c : c?mln . at detector J
On Instruments with GC Option, disconnect cot-
urrn and measure H2 flow rate with a bubble
meter.

e) Check atf H? ptumbtng joints for leaks using*
soap bubble solution Also, shut of* aft valves
anrt note pressure decay on H? tank Qauoe, It
should t*e less than,350 f'SlG per hour.

fl Check to see tf H? supply system la frozen up
by taking unit- Into a warm area

tf sample ttow rate la tow/, follow/ p*oce<$ure 1 above

It Igniter does not ttght up. replace thai plug It igntter
S.1IH does not Ugftl, check the battery

tf low, battery pack and adjust to proper level by
or* the tow

Tho normal ea«*e tor H2 ttow rostrlclton would be B
bfocNcKf ow p>artMM^ blocked capillary (wba It (low rate Is
margtrwtfly tow, attempt to comprwnsate toy Increasing
the H2 Supply/ pt^ssur® by one-h*H or one PSi It How
rate cannot b« compensated lor, reptace captltary tut>-
Ing.

t( there tn motsHwe tn the H? supply- system and the unt|
mutt bft Qfwi«lm* Ir* siibftPeflno t* 1 inp<»'At(»ns. purg»»
(ho H? syslom with dry N? ami or\*iiin tho M? o<n U-;*M|
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Remove exhaust port and check tor contamina-
tion (Sen Fi( |urrf> ? \

Che< k sparmq hetweon rntlrc.tirig p
and burner tip Spacing should tie 0 Ho Q IS irv

T*
t( the ch.M(t(W ir In diMy
hy UHW«ft!j j|rt("W Ini

K twjjj$jtt*Uii"<t,
Is

wiitt olhyl air
IS minute-. tf t

fCw IKWOUS met.tl li.i

Adjusl t*y MtxorKiKfnm Annomhty (n or
{uottlotn r.ltoiilft only orrtirAssembly to A

3» H? flarr.e Hghfs &u! wi» not slay lighted a* Follow procedures 2 (a> . (cK {d>. (e>. (g)i and (h)
ahovo Atso refer to 5 below.

4) narrte-out aSartn «t(l not go on when H2 (lame is
out

Chock instrument caltoration setting and GAS
r > f [ F C T conirol sott ing Rofof to
? .1 1 ? and 2 J ?

b^ Romovo exhaust port and check (or (eakafje
c t i ' tod l path In t .hantt >er (nrobat) ly rnotstuffl or
dirl i t t charnbf-Fj

c) tf above procodluros do not resolve tho pro-
bk-m, thn pFOt>ah( ( > cau%o 15 a malfunction in
lh*» pteafnp or powt^t board assemblies

l to profwn settmq Noto th.i|
'^ Ihn It.nnr out ai.iim (s artnat t-M wht-n

t >V
thn alacitt tsjj£c*w;tt«*di wNnn tha signal ttwtti uu»is
ppm m^lhafjkt or
Clean contafiilnahon andfor moisture from thtt <
tiTiing a swij0 ami aU;ohot. dry chnmb«>» by
pump (OF apiiroiNtmatnly 15 tnmutos
Roturn prtujj^tp chamber off powor board as-.n
the factory %r fop.iif-

Check volume control knob is turned up.

5) False Hafne-oo* alarm (Applies to ttnear OVA's) a) Flamo-oul afarm fs actuated on linear In-
struments when signal fjoes below etoclronic
?*»ro (oventhough frame is stUI on*> This c;an bn
«iuo to inaccurato inittat s* *t l lrt [ j . dntt or a
(U';; 'f»aHG in amhtont concentration. Vot i fy If
this In the probN^m by 7eioing tnoter wtlh Jfams
out and reiynitinp (See paragraph ? 3 2>

Whim
than ?e>m S
tcvol".

Xt . adjust meter to i ppm
23? He suite

6) Slow response lime. ) o , time to ob«am
tesiKcnso after r..impto (s applied to input

af Oherk to erisur*! th.it proho It hrmty sratoef on
thn cut > t >or scat in ttm rcaiiou! a';r.emt>ly

n» (i* i itw> hrmty A^.t
'.c.i( ;tnd th««« leu K in position wdh the
i iuf

the

t>> c;hock sdmpto tlow rate per procedure I abcivo
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7) f.lciw tfif ov^ry tltito, ( o . too lonq a Hmo tor (he
i«:i[fiMfl to yc-t tt;«-H {o rtfnt)lont attor
to a nl(jh concontcaflon ol organic v.i

aj Ilil*» ptoht^m IT mirmally
lion tn I l ift t.litipH1 Input IItic. t '-(( i i i i hm ( > » i ' i : pn t()
tor ft looq ppitod to uo( thri r.yitc-Mt ( If.-m of
vapofn a()<iln (it i; ircoal In tho llnoi wosffd tto thn
worit typo of contan^natlon t so tain
ttm procossf if (t l lnnrt. itton (Soo I (\\)\

f>) Chock tttimn chittnhnr tor ront.»mln;ttlon

C.lortn w
m i

« cttMl.amlnjitod t.vnplo tint * 01

8f Ambient background reading )n clean pnviron-
ts too high. (Refer to paragraph 6 ? Sj

a) An ambionl background fft,idtnrji can rm causnct
by hyrEfoc.-uoons In tho H? foot supply, sywtrtn.
f'Mro hnflor ovm rtatnplf; probe lutm restrict ing
n.impto (low and M rnclot tftdtcntlori dons not Qt>
down significantly thn contamination ts JMU-
b.ihfy In trm H? dm)

b) An amblont background rctadlnfl: can b» cattsoj
t>y a rntldtm of SAfnpl«, tni i lcttntj tip or* tho faro
o( ttio ssfTipUt Inlet UlUir It thn lost >r> B(at atvovo
ptfxltfcos a targe drop tn rnactlng. (his is usually
tho

cf

Uin a highor
few fittings on hoftfl

th« fiKhnujtt port (It tfl not nnrp^^Miy to rornovo
tliw rm«*>, ui^ sntall wit** hnnh I IO IM ihn

kit or a knM** W;M!P and l lQt^tly scrub 3ur( , i r o

An amt>ipr*t ti.irkqrodnrf f**«i(tlrip can aKo too
ratiind t>y hy(tro< :aft >or> contatTtlnatlon In the
sampto Input sy-.fctn Tho nto-it ltkf»(y cauSB
would tm a cont. irntnant at»sortif>d or condens-
ed tn tho aan^plo fmp
Nolft M shotikl t)o pfnphasl/oct that running tha
Insirurnonl torids to kof>|> down tho build t»p ol
hackgrounet vapor "5 Fherpfor o. fun thf* unit
whonovor posniWo antt store tl with lh« carry-
ing ranp< >pf*n tn rlo;m air.

plo

Clonn nndfnff t*»ptacrt tho samplo Input tlnci
the lines will el**.v up with sufficient

Pump wttt not run a) Chock 1 AMP S(r> B'o ft/se on tho battery pack
cover NOFF Octided OVA's do »ot have
In so-;

floplace ft»s«. IMPORTANT Noto that (us** K R Slo f«i>
!ypf». t( fuse continues to blow whoit lonflct switrh H
clotort.ehock ifjrviter lor short r(fcwt If it jn itor Ir, not tnr
prohtom. lltirtrf» »s a short In thn wtdny or pump motrw

to fAC (of y or niithori/*»rtf«*pv»if ( - * < i d ty

tot to pteclrontca but purnp runs a) Chock IM AMP fur.o on tho haltory pack covor
NO IF r.ortihfMt C)VA'n do f«>t h;w

!»««, M co»tlnims
In

hlovw. thore- ii a
tWA to t . ^-t

t . i r i l t tv

:[ No powot topumpor a) fMaco ti.lfloty ort rh;*(( i * *t ,-*cuf noo ft powr>r tn M [ . < iw » ' r n .-(M.it l . i t i f * * , t« . t l l« » *v p.H k H d i- .n t i'i
Mi- i h.trtjf lt,ll|*'« v | t . t ' k If ' - t i l t dclfi ( i v < > . n-p l . n i- {
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1 .0 DESCRIPTION
l.l Sensing Method

Th«s MINIRAM (for Miniature Real-time Aerosol Monitor) Model PDM-3 is an
ultra-compact personal-size airborne particulate monitor whose operating princi-
ple is based on the detection of scattered electromagnetic radiation in the
near infrared. The WIHIRAM uses & pulsed GaAIAs light emitting source, vhich
generates a narrow-band emission (half-power width of 80 nm) centered at 390 nm.
This source is operated at an average output power of about 2 mW. The radiation
scattered by airborne particles is sensed over an angular range of approximately
45° to 95* from the forward direction by means of a silicon-photovoltaic hybrid
detector with internal low-noise preamplifier. An optical interf erence~ty-e
filter is incorporated to screen out any light whose wavelength differs frm
that of the pulsed source.

The MINIRAM is a light scattering aerosol monitor of the
type, i . e . , the instrument continuously senses the combined scattering frcm the
population of particles present within its sensing volume (approximately '. en )
whose dimensions are large compared with the average separation between :he
individual airborne particles.

1.2 Open Sensing Chamber Sampling Method

Air surrounding the MINIRAM passes freely through the open aerosol
sensing chamber as a result of air transport caused by convection, circulation,
ventilation, and personnel motion. The MINIRAM requires no pump for its
operation, and the scattering sensing parameters have been designed for pre-
ferential response to the particle size range of 0.1 to 10 micrometers, en-
suring high correlation with standard gravimetric measurements of both the
respirable and thoracic deposition fractions. Optional flow accessories are
available for applications requiring specific inertia! particle precol lect ion,
extractive sampling, concurrent filter collection, e tc .

It should be noted chat one of the advantages of direct light scatter ing
aerosol sensing is that the rate at which air passes through the sensor dees
not influence the indicated concentration because the detection is performed
directly on every parcel of air traversing the fixed sensing volume. There-
fore, flow velocity through a real-time sensor such as the MINIRAM influences

I
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only the response tiwe. So, It should not surprise the first-time user when,
upon pressing ehe MEAS key of the MINTRAM, no pump noise is heard, and this
silence will be accompanied by a readout message of "GO" on the liquid-crystal
display indicating that the MINIRAM has, indeed, been activated.

1.3 MTNIRAM Electronics
The GCA HOTRSC is a very advanced aerosol monitor which incorporates a

custom-designed single-chip CMOS microprocessor whose functions ate to: process
the signal from the light scattering detection circuit, control the measurement
sequence program, compute concentration averages, keep record of elapsed tiae,
perform automatic zero correction, control auto-ranging, drive the liquid-crystal-
display, store average concentration values as well as timing and identification
information, sense battery and overload conditions, sequence playback of sccred
information, and provide alarm signals.

The MINIRAM derives its power from a set of internal rechargeable Ni-Cd
batteries which can provide continuous monitoring operation for over &h hours,
or retain stored information for up to approximately 6 months. The batter;/ set
is packaged as a separable module which allows easy field replacement when re-
charging is not feasible. The MINIRAM can be run without time limit from an
A.C . line using the charger provided with the instrument.

The MINIRAM has two output connectors . One provides a continuous, real-
time analog signal output proportional to the aerosol concentrat ion. This
signal can be used for continuous recording ( e . g . on a strip chart recorder) ,
telemetry, or control purposes, etc . The other connector provides, during the
measurement mode, either an ASCII digital output which is updated every 10
seconds, or a switched output for alarm purposes (depending on the user-selected
function). Stored information playback can be accomplished either by means of
the MiSIRAM's own display or through the digital output jack . During the normal
monitoring operation, the liquid-crystal-display indicates the aerosol concen-
tration in the units of milligrams per cubic meter, and the displayed reading
is updated every 10 seconds. When operat ing in the measurement or monitoring mode,
othsv functions c?n be displayed momentarily, i . e . , as long as a corresponding
touch switch is pressed. All external controls are performed by pressing one or
more of 8 sealed touch switches on the MINIRAM panel.
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i.4 Modes of Use and Application
The MINIRAM measures the concentration of any airborne particles, both

solid and liquid, and the display indicates this level in the units of
per cubic meter, based on its factory calibration, against a filter-gravimetric
reference, using A standard t<k*c ..4u*t (Ariftoa0 road dus£>, The HXHIfUM can be
used to measure the concentration of all forms of aerosol: dusts, fumes, smokes,

etc.
Its small size and weight, and concentration averaging features permit

its use as a personal exposure monitor, attached to a belt, shoulder strap, hard
hat, etc. Alternatively, it can be used as an area monitor for both indoor and
ambient air situations. Test chamber monitoring, visibility measurements, cloud
detection (e .g . radio/drop sonde), aerosol dispersion studies, etc . are
additional applications of the MINIRAM.
2.0 WHEN YOU RECEIVE THE M IN IRAM. . . . . . .

Follow these steps when first receiving your MINIRAM:
2.1 Remove the instrument from plastic bag.
2.2 Observe display. It should be blank indicating that r.he

MINIRAM Is In the minimum power mode.
2.3 Plug charger into A . C . line (standard charger i s for 120V,

60 Hz; optional version available for 220V, 50 Hz ) .
2.4 Connect charger plug into corresponding MINIRAM receptacle.
2.5 Leave charger connected to MINIRAM for a minimum of 12 hours

before using instrument without the charger.
2.6 You can operate the MINIRAM immediately after the charget has

been connected. Follow operating instructions described in
the next section of this manual.

3.0 OPERATING INSTRUCTIONS

Refer to Figure 1 for the location of control switches, display, and
connector Jacks. Refer to Figure 2 for the display timing sequences.

3.1 Initial Condition
Assuming that the batteries of the MINIRAM have been recharged (see

section 2 . 0 ) , the display may indicate one of the following conditions:
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* Blank display: means Chat MINIKAM had not been in
the measurement mode for 48 hours or more, and is in
the minimum power off mode.

* "OFT" display: MINIRAM has been in the off mode for less
than AS hours.

* Concentration display that changes or "blinks" ooc« every
10 seconds; ehi MINIRAM is in the ateasurement mode.

3.2 To start Measurement Cycle
* If the MINIRAM shows a blanked display (see above), press OFF

and wait until the display reads "OFF" (approximately 5
seconds after pressing OFF) , before pressing MEAS to initiate
measurement cycle.

* If the MINIRAM shows "OFF" ( see above), press MEAS directly
to initiate measurement cycle ( there is no need to pres s OFF
first, in this case) .

The functions performed by pressing each MINTRAM touch switch are as follows;
3 .3 MEAS

To start the monitoring operation of the MINIRAM, press MEAS (see
automatic timing sequence of Figure 2). The first readout displayed is either
"GO" (or * 'CGO" if TIME is also pressed, see sect ion 3 . - * ) , followed by the last
concentration reading or " .00" . Approximately 36 seconds affe i r press ing MEAS
the first new 10-second-averaged concentra t ion reading is displayed. All
subsequent readings are concentrat ion values ir. T.illi grams per cubic :neter,
updated every 10 seconds. Figure 3 shows a typical digital printout of a
seouence of iO-second measurements (second data b lock) .

The MINIRAM will now run in the measurement mode for 500 minutes (8 hours
and 20 minutes), after which it will stop, displaying the last 10-second reading,
retaining in storage the concentrat ion average 2nd elapsed time information.
Or.ce the MEAS mode has been entered this sequence can only be interrupted by
pressing OFF; pressing ZERO, TWA, SA, TIME or ID?/ only affects the display
during the time these keys are pressed, without affect ing the measurement cycle.
Pressing PBK during this cycle has no effec t .
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**
The instrument normally operates tn the .00 to 9 .99 mg/m"* range.

Whenever a IG-aeeond concentration exceeds 9 .93 rag/m the MINIRAM display
automatically switches to the .0 to 99 .9 mg/m- range and remains in that
range as long AS the measured 10-seccnd concentration exceeds 9 . 9 9 mg/m ,
otherwise the MINIRAM reverts to its lower ran^e display.

3.4 MEAS and
If both MEAS and til® are pressed at the same time (press TIME first and

while depressing it actuate MEAS) the MINIRAH will display "CGO" (for
Continuous "GO"), and will then operate as above (i .e. pressing M£AS only),
except that after the first 8.3 hour run it will restart automatically and
continue to measure for an indefinite number of 8,3 hour runs, (with the
battery charger) until the OFT key is pressed, or until the batteries are
exhausted. Concentration averages and timing information for the last seven
8.3 hour runs will remain in storage at any given time.

3.j OFT
When this key is pressed the M IN TRAM will discontinue whatever mode is

underway displaying "GCA" followed by the display segments check.' ( "8 .8.8-" ) and
finally "OFF" (see timing diagram of figure 2). The MINIRAM will then remain
in this reduced power condition (displaying "OFF") for a minimum of 10 minutes
or a maximum of 48 hours or until th* MEAS key is pressed to resume the
measurement cy,le.

If OFF is pressed during a measurement run the display will read "OFF"
for £8 hours (unless another key is pressed during that period), after which
the display will be blanked. Thereafter * if OFF is pressed the M1NIRAM will
display the "OFF" reading for only 10 minutes, after which the display will
be blanked again unless another key is pressed during that period.

Every time the OFF key is pre s s ed , during a measurement cycle, the
MINIRAM will store the concentration average and elapsed monitoring time up
to the time of that OFF commar.d. The duration of the off period (up to 48
hours), I .e. between two consecutive measurement cycles, is also stored for
each of up to 7 cycles.

If the MINIRAM is net reactivated ( i . e . pressing MEAS) within 48 hours
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of the OFF command, it automatically switches to a minimum power level, with
blanked display; however, all data remains stored in memory for up to approxi"
mateiy 6 months without battery recharging (indefinitely, with charger).

OFF must be keyed before any other operating mode can be_e_ntered; setting
ID#, zero referencing, playing back stored data, or changing the program code.
Display functions, however, can be activated during the measurement mode.

3.6 TlJffi
During the measurement mode, if TIME is pressed the display will show

the elapsed time, in minutes, to three significant figures, from the start of
the last measurement run. The MINIKAM will automatically return to concentration
display after the TIME key is released.

3.7 TWA
This key stands for Tirae-Weighted-Average. During the measursnent mode,

if TWA is pressed the display will indicate the average concentration in milli-
gram s/m up to that instant, from the start of the last run. This average is
computed by the MINIKAM applying the equation:

TWA = - ;dt

where t is the elapsed run tine and C is the instantaneous concentration at time
t. The value of TWA is updated every 10 seconds . After releasing the TWA key
the MINIRAM display returns to the 10-second concentrat ion display.

3 .8 SA
This key stands for Sh if t-Average . During the measurement mode, pressing

SA will provide a display of the aerosol concentrat ion, up to that moment,
averaged over an 8-hour shift period. This average is computed by the MINIKAM
applying the equation:

1
480 Mia. Cdt

The shift-average value corresponds to the exposure from the start of the
measurement cycle. Thus, for example, if the MINIRAM has been treasuring for
3 hours, and the time-weighted average over that period has been 6 mg/m
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(TWA reading), the shift average value at that time, (SA reading) would be
2 mg/m , which is equivalent to an 8-hour exposure to an average concentration

3of 2 mg/in .
The value of SA is updated every 10 seconds. When releasing the 5A

key the MINIRAH display returns to the 10-second concentration display.
3.9 FBK

With the MINI RAM in the off mode (i.e. aot in the measurement mode), the
stored information can be played hack by pressing PBK. If the PBK key is
initially pressed tha display will indicate "P" for one second. If PBK continues
to be pressed for more than 1 second then the stored data is automatically played
back through the MINTRAM display: First, the identification number is displayed
with the IB indicator bar on; next the shift or run number (7 through i, i .e .
starting with the last run) is shown (with the OVR indicator bar on as identifi-
cation) ; followed by the sampling ( i . e . measurement) time in minutes, for that run;
followed by the off-time between the last and next run (in tens of minutes);

3 *finally, the average in mg/m . This sequence is repeated seven times. An
average reading of 9.99 indicates that a significant overload condition occurred
during that run. The total time required for the complete automatic playback
on the MINIRAM display is approximately 70 seconds.

If PBK is pressed for less than one second "PA" will be displayed, and
the stored data will be fed out through the digital output jack of the MINIRAM
for printout, magnstic storage, telemetry, etc . A printout consists or 8 lines
of data . Figure 3 shows a typical stored data printout (see data block labeled
"Playback of Stored Data" ) . The first 7 lines show the data for the last 7
measurement periods, and the Last line shows the identification number (I) , the
programmable selection code (F ) , arid the zero value for that data block (2 ) . In
addition a check sura is printed out: on a 9th line for modem/computer data trans-
fer purposes. Thfi f irst 7 data lines are subdivided into 4 columns. The first
column identifies che measurement period (start ing with the last or 7 t h ) ; the
next column lists the corresponding duration of each measurement period, in
minutes; the third column lists the off time between consecutive measurement
periods, in minutes divided by 10; and the last column lists the average concen-

3 *tration values for each period in mg/m .

*Either the TVA or the SA values, depending cm selected user-programmable code
(see section 4 . 2 ) .

7
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Either time-weighted, or shift average values can be printed, depending on
the selected programmable code (see section 4 . 2 ) . The example shown on
Figure 3 (F » 0012) Indicates that the TWA values are listed. Although the
printout heading will indicate "PDM-2 LISTING" (as shown In Figure 3), this
format applies equally to ehe MINI RAM model PDM-3.

The speed of ehe digital transfer to a printer or other digital d«vic«
can be uaar a a lac 6 ad through the programmable selection code (see section A. 2).
For a 300 baud rate ehe transfer time for the stored data block, i* approximately
45 seconds. See seceions 10. 0 and 1 1 .0 for instructions on how to connect the
MINIRAM to a printer or other digital recording/processing device.

3 . 1 0 ZERO
The interior walls of the MINIRAM sampling chamber reflect a snail amount

of the light from the infrared source into the detector . This background level
is referred Co an the "zero value", and is automatically subtracted from all
aerosol concentration readings during the measurement mode. The result is that
the displayed readings depend only on the actual dust concentration present within
the sensing chamber.

The zero value varies from instrument to instrument as well as with
different sensing chambers. It will increase somewhat as the chamber inner
vails and windows become contaminated with dust . A zero update should be per-
formed periodically to correct for this . Also a zero update should be performed
after cleaning the sensine chamber (see section 1 2 . 0 ) .

Pressing ZERO during a measurement period provides r.cr.er.cary display of the
stored zero concentration value used by the MINIRAM to correct all digital con-
centration readings (the analog output signal is not serc-cc rrected) . To update
the ZERO value the MINIRAM must be in its off condition (press OFF in case of
doubt). Then, press ZERO and wait until tne display again indicates "OFF".

The average of A consecutive iO-second zero level measurements will then
be stored by the MINIRAM as the new ZERO reference value. (See timing diagram in
Figure 2 and digital printout obtained during a typical zero check on Figure 3).

TWhen operating l e MINIRAM in high particle concentration environments (>5 mg/a )
the zero v^lue update should be performed approximately every 8 hours. At aero-
sol concentrations below approximately 1 mg/m this update may only be required
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once a week, or even less frequently. The zero update should be performed
either within a clean-air environment (ideally, a clean room or clean-bench) for
dust measurements in the concentration range below 0.5 mg/n , approximately, or
by flowing clean air through the sen 5 In a chamber of the MINT RAH (e .g . by means
of an optional clean-air adaptor, GCA sodel PDH-IFZ Zcto Ch*ck Moiulc) dec
section 17 .2 ) for use at du*t concentrations above 0.5 mg/n , approximately.
Air condition** offices (without stackers) usually have concentrations below
approximately 0 .05 mft/m and can thus be used for zeroing purposes. When

are performed tinder essentially clean sir conditions. * .g. in the
saae environment where the zero check was performed, the MINIRAM readings will3indicate 0.00 mg/to with small random fluctuations around that value. Positive
values (e .g . 0 .02 ) will thus be indicated on the LCD display. Negative values
(e .g . -0 .02) are suppressed and are also indicated as 0 .00 . The digital
output, however, does include such negative values and chese will be printed out
by a digital printer (see sect ions 10 . : ind 1 1 . 0 1 .

3 . 1 1 ID *
Press ing ID# during a nieasurener.n period provides momentary display of

the identification number stored withir. the MINIRAM memory.
The ID# key, in combination with other keys, is used for several

additional programming functions described in the next section ( 4 . 0 ) .

i .O PROGRAMMABLE FUNCTIONS
A. i ID* Select ion

In order Co change the instrument identification number the MINIRAM raust
first be in the off mode ( i . e . press OrT) . Then press the ID# key, and the
presently scored number (between 1 and r99) will be displayed,, as well as the
I'D indicator bar. To increment the identification number press the A key
(same key as TWA) , and to decrement the number press the V key (same key as
SA) . Any number between 1 and 999 can thus be selected and will remain in
storage until the batter ies are disconnected , or if the MINIRAM is not recharged
over a 6-month period.

Pressing the OFF key after the above identification number selection will
remove the MINIRAM from the ID1 se lect ion routine and lock-In that number until a
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new number is se lected. A complete ID** lock-out ( i . e . a routine to precbn i i
panel-control change of that number) car* be accomplished by a separate prc^ramm-
able code selection (see section 4 . 2 ) .

4.2 Programmable Selection Code
The programmable code allows the user to panel-select several alternate

functions and operating modes.
The pragrast codes to select specific alternate operating modes are:

1 selects the alarm instead of ASCII digital output
2 selects the ID0 lock-out
4 selects the TWA instead of the SA to be stored for playback
8 selects a 1-second pause after each printer carriage return

(for slow printers)
32 selects 110 baud digital output rate instead of 300 baud
64 selects 600 baud digital output rate instead of 300 baud

These numbers are entered as a sum, e . g . to implement ID# lock out, TWA
storage, and 1-seccnd carriage return delay, the code number would be l<+
(2+4+8) .

To enter the desired code ( e . g . 14) follow chese steps :
* Press OF? key and wait until "OFF" is displayed
• Press ID// key and set proaram code to desired number ( e . g .

L4) by means of the A and Y keys
• Press TIME key (this will show previously entered code)
* Press ID# kev again to lock in the new program code which will

then be displayed.
» The preceding steps will cause the ID?/ to become equal to the

programmable selection code . To restore the des ired ID<( (with-
out affecting the selected code number which is now locked in),
use the A and V keys again to select the ID# for the instrument
as described in section 4 . 1 .

• Press OFF to exit the ID// selection routine.
• To look at the programmed code number, at any time, start from the

off condition; press IDtf, then press TIMS ("F" will then be dis-

1 0
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played momentarily), after which the code number will be
displayed. Press OFF to exit the code number routine.

If no specific alternate code is entered the MIN'IRAM wil l oocr.itu in
its standard mode (equivalent co code 12) consisting of the following:

* ASCII digital outptt-t
* Panel-selectable ID number (preset to 999)
* Time-Weighted Average (TVA) values in memory storage
* 7-bit ASCII resolution
* 300 baud digital output
* Printer carriage return followed by a 1 second delay

4.3 ID// Lock-out
If the ID// lock-out code has beer selected (i.e. a 2 as part of the

sum, as described in section 4 . 2 ) then both che ID// and the programmable code
can only be displayed (and printed out) , but neither of the two can then be
changed by means of the panel keys. In this cas«, in order to change the ID//
if the lock-out code has been selected, or to alter the programmable code, the
battery must b<*. unplugged momentarily. Disconnecting the battery, however,
causes the MINIRAM to lose all stored data, and cancels all alternate program
codes which may then be restored following the procedure described in section
4 . 2 .

4.4 Alarm Level Adjustment
If the selected program code ir.cludes a U the MINIRAM will not provide

an ASCII digital output but instead a switched output (at the digital output
connector) which will close every tirse the measured 10-second concentration value
exceeds a presettable threshold concentration level. If a 1 has been included
in the code, then the ID# divided by 10 becomes the alarm level in mill igrams/r .
This level can be adjusted following the ID'/ selection procedure of section 4 . ' . .
that is using the A and V keys to increment or decrement the number. Foriexample, if an alarm level of 1 2 . 5 mg/m j is desired (and starting from the off
mode) , press ID//, adjust displayed number to 125 with the A and ¥ keys, and
press OFF. This number ( e . < z . 125) then becomes the ID// as well. It la not
possible to enter a separate alarm level and ID// number.

1 1
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5.0 OVERLOAD AND ERROR CODE INDICATIONS
5.1 Bar Displays

There are three bar Indicators on the MINIRAM display, identified as OVR,
ID, and BAT. If the OVR bar is displayed at any time during operation in the
measurement mode th& MIH1SAK detection circuit hag beten oy$,rio;atled> A aoffieneary
overload can be caused by the insertion of an object into the sensing chamber,
swdden exposure eo sunlight, etc. If the cause of overload is eliminated, the
OVR bar will disappear during the next iO-second display period, unless the
overload persists for more than s total of 1% minutes over an 8 1/3 hour measure-
ment cycle.

The ID bar display is activated only for display identification purposes
and not for error conditions.

The BAT b*r is displayed when the battery voltage becones insufficient,
indicating that the charger should be plugged into the MINIRAM.

5.2 Error Codes
The MINIRAM will display and output (at the digital output jack) error

code numbers along with the corresponding overload indicator bars on the LCD
readout. These codes will appear only If the problem pers ists for more than
about 30 seconds.

The error code numb-rs are as fol lows:
.01 : low battery condition
.02 : RAM (digital process ing)
.03 : A/D (signal) overload

Ir an overload condition pers ists for more than approximately I'-i minutes
the selected concentration average value (SA or TWA) automatically registers
9.99 and that number will be indicated (or digitally transmitted) upon data
playback, signifying an invalid measurement cycle. The OVR bar will then re-
main on for the rest of that run.
6.0 SENSING CHAMBER REMOVAL AND INSERTION

During normal operation of the MTNIRAM the removable sensing chamber
(see Figure 1) must be properly inserted, i .e . pushed all the way into the

I
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MX3IRAM towards the display/control panel end of the instrument. When this
chazsber is properly positioned the surface on the opposite end from the
display/control panel will be approximately flush with the body of the MINTUAM.

To remove the sensing chamber, senfcly push tt away From the display/con-
trol panel end, using both thumbs, sliding it out of its channel. This will
expose the shouldered metal button with its small spring-loaded plunger, and the
two l«nsss (llttefitinatrlfcm ssi£ 'dktvcgfdn letmeiT^ foudnittg bF 'fi&ssi* tenses should
be ax*oided to prevent their soiling. Lens tissue should be used if cleaning of
these lenses becomes necessary. Also, the inside surface of the removable
sensing chamber is coated with a special anti-reflectant paint and these
surfaces should not be touched* if at all possible.

The removable sensing chamber has two small glass windows which should
be kapt clean (see section 12 .0 on routine maintenance).

The sensing chamber is partially closed at one of its open ends. This
end Is inserteo first when sliding the chamber back into the MINIEAM channel.
A snail shouldered slot is provided on the underside of the removable sensing
chamber for the metal button that serves to retain the chamber.

To reinsert the sensing chamber simply slide it back into position making
sure that the chamber is moved parallel to the MTNIRAM body. Ensure complete
insertion, as mentioned above.
7.0 3ATTERY PACK REPLACEMENT

The battery pack of the MINIRAM (CCA Part No, PDM-38) const itutes an
intrinsically safe sealed module that can be removed and replaced. To do so,
remove the four central screws from the back of the MINIRAM case (not the two
comer screws) , and gently lift the battery pack up and out, and gently pull
apart the battery connector freeing the battery pack. Reverse order of
steps when installing another pack.

( CAUTION: All stored data will be lost when disconnecting batter/.
After reconnecting battery pack, the ID resets to 999 and an automatic zero
reference check is performed by the MINIRAM.

Separate battery packs can be used whenever a . c . line power is unavail-
able to recharge the pack within the MINIRAM. These spare parts can be re-
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charged independently from the MINIRAM by plugging the charger into the charge
receptacle which is an integral part of the battery pack (see figure 1).
8.0 CALIBRATION ADJUSTMENT

Although every MINtKAM has been factory-calibrated using a represen-
tative duafc (me section 1 *4 ) , tfa user may wish to change the calibration con-
stant of the instrument for a specific type of aerosol. Such A calibration
should he performed by obtaining s concurrent filter collection (e .g . by means
of a personal filter sampler), sampling from the same environment within which
the MINIRAM is placed. The average concentration obtained by the MTNIRAM ( i . e .
TWA reading) at the end of the test should be compared with the filtor-gravi-
metric-deterrained concentration. The ratio of the two concentration values
can then be used to correct the MTNIRAM calibration. The comparison run should
be replicated several times (to mininize errors) to obtain an average ratio.

To change the MINIRAM calibration proceed as follows:
8.1 Place MINIRAM in a clean environment ( e . g . air conditioned

off ice) .
8.2 Remove battery pack (follow procedure of section. 7 , 0 ) .
8.3 Disconnect battery connector (remember that al l stored data

will thus be lost/erased from MINIRAM memory).
8.4 While leaving battery pack lying next to MINIRAM, re-connect

the two units ( i .e . plug in connector) .
8.5 Immediately observe MINIRAM display. It will be performing a

slow segment-by-segment display checkout. As soon as it
displays " .00 " , press OF?, thus interrupting the initial
automatic zero check (see sect ion 7 . 0 ) . Wait until the dis-
play indicates "OFT" and then press MEAS and wait approximately
36 seconds.

8.6 Observe iO-second readings (typically in the range of 1 to 3
mg/m ) and record manually a few consecutive readings. Cal-
culate the average of these values.

U
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8.7 Identify small potentiometer screw (visible through an opening.
In the fdil shield of the open KIHTRAM) opposite the digital
output jack. Adjust this potentiometer, using a fine screw
driver, until the average MtSXRAM reading is increased or de-
creased (with respect to the average obtained in 3.6) by tM

. . . . . . . . ; :;-4<Mriy«^rMi4Mw.ĵ ;̂
comparison runs).

#.& Shut off MINIRSM, reposition and secure battery pack, and re-
zero instrument as usual. All subsequent concentration readings
are now corrected by the desired ratio.

If an optional Reference Scatterer is available, insert in the MINIRAM
instead of the normal sensing chamber and follow the same procedure ( i . e . ,
follow steps 8.1 through 8 .8 ) .
9.0 ANALOG RECORDER CONNECTION

The analog output of the MINIRAM is a negative voltage of 0 to 1.5 V,
A high input impedance recorder (>lOO&fl), or other signal processing device can
be connected to that output. The 0 to - 1 , 5 V range corresponds approximately to

30 Co 100 mg/m as displayed by the MINIRAH.
This analog output (as opposed to the digital output and readings) is

not zero-corrected, and thus A zero concentration results in a bias level of
the order of several millivolts.

Jt is advisable to connect a capacitor in parallel with (i.e. across)
the analog output ( e . g . 100 microfarads or larger) in order to obtain a steady
output signal. The internal time constant of the analog output of the MINIRAM
is only 0.2 seconds which, in the absence of an external capacitor, results in
excessive signal fluctuations.

Two miniature plugs are provided with the instrument to connect to the
analog and/or digital output jacks (both can be used concurrently).
10 .0 USE OF OPTIONAL GCA DIGITAL PRINTER

The MINIRAM can be connected to uhe GCA model PDM-DP-l digital printer,
an optional accessory designed for direct coupling to the MINIRAM. This printer
can be used both to print out the continuous concentration data (updated every
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10 seconds) In the normal measurgsienein the
An o£

* j

f

out the data

in

noraal

The following are specific operation t>
combination with th- MINIRAM. ™ "" **

10 . 1 Print Paper Loadlng

A 20 .nA current must now through
its cable lnco the M1NI1^ d

 §

the Prtnter power swltch lt

«- U8Ht above thls SBi ch

loade, Pre, the
rear of the p,lnter untll it fepdg

User ' s Manual for details.

for it to operate
OFF. Turn

°P
'^ P-P« slot

t0 the

1 0 - 2 Printer Test

In order to test whether the TOM-DP- 1 printer is nn ,
off ics power swltch (on slde

 P « " operating correct ly,
*1. t :ming the power awitch on.
« Print out all of its characters.

10 .3 Printout of Stored Data

printer connector into the MINIRAM diaital
PoBer SWitch. Press 0FF on «„»« a i

Turn on printer power switch.
cne
PrltUer

°FF"'

print out the stored daCa block.
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1 0 .4 Printout of Zero or of Measurement
Interconnect MINIRAM and printer as indicated before and switch off

printer power. Press OFF on the MINIRAM. Press either ZERO or MEAS on MXNIRAM
(depending on which information should be printed out). Observe MINIRAM display
instil the 2 second blanking occurs (approximately 12^fco 25 aec0a4a

(i.e. as aoon as the last reading appaairt again, s&a £ig^@ 3).
Printer will print sat zero data approximately 72 aeconds after pressing ZERO
on MINIRAM (see figure 2). The first line of measurement data will te printed
out approximately 76 seconds after pressing MEAS, and thereafter every 50
seconds (each line, contains five 10-second measurements).
NOTE: In order to test at any time whether the PBM-DP-1 printer is enabled

for printout of'MINIRAM data, press the ON LINE switch on the printer;
this should extinguish the red light above that switch. Then press ON
LINE again to turn on red light again. If the red indicator light re-
mains on whenever the ON LINE switch is actuated, the printer is not
enabled, in which case turn printer power switch off and then on again,
after which actuation of the ON LINE switch should turn the red light on
and off, indicating printer readiness ( i .e . with red light on) . The
printer power can be turned off any time during the measurement cycle,
and turned on again during a cycle to resume printing. The data line
numbers (see figure 3) will then be the current ones as sequenced by
the MINIRAM whose output Is independent of the operation of the printer.

1 1 . 0 DIGITAL OUTFJT CONNECTIONS

A digital printer (other than GCA model PDM-DP-1 ) , data logger, or modem
may be coupled to the MINIRAM. The data output is in the form of 20 rnA current
loop, 300 baud ( 1 10 or 600 baud by alternate programming) asynchronous ASCII
characters. The output load should be less than 50 ohms.

Figure 4 is a diagram showing the connections and components required
for a 20 mA loop interconnection to a printer. A similar diagram is shown for
standard RS232 interfacing with a printer (see Figure 5). These connections do
not apply when using the PDM-DP-l printer.

1 7
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The MINIRAM does not send parity information, but does provide an ASCII
check sum which is the sura of all ASCII characters, to insure data integrity.

To use the check sum the host computer must add the ASCII value of all
digits, spaces, carriage returns, and line feeds ^accept for ths first two
carriage returns atxd lina feeds which are seat isfflBefeeelf fff$*t fTrasing £ft&

-•fhe"ifl«e efgBf Bftrs 6F tfnls sum should then be expressed as a
decimal number (<V2S5) and should agree with the decimal value of the HIKIRAH
cheek sum.
1 2 .0 ROUTINE MAINTENANCE

When the MINIRAM is not being operated it should be placed in its plastic
bag which should then be closed, this will minimize th<> amount of
particle contamination of the inner surfaces of the sensina chamber.

After prolonged operation within, and exposure to particulate-laden air,
the interior walls and the two glass windows of the sensing chamber may have
become contaminated with particles. Although repeated updating of the zero
reference following the procedure of section 3 . 1 0 will correct errors re-
sulting from such particle accumulations, eventually this contamination could
affect the accuracy of the measurements as a result of excessive spurious
scattering, and significant attenuation to the radiation passing through the
glass windows of the s&nsing chamber.

An indication of excessive chamber contamination is provided by the
zero level reading (section 3 , 1 0 ) , which should not exceed 3 mg/m , approxi-
mately.

In order to clean a soiled sensing chamber remove that chamber as de-
scribed in section 7.0 and wash it with soap and water , rinsing thoroughly Co
remove any residues from the glass windows and interior of the chamber. Do
not use solvents of any type. Do not rub interior surfaces of the chamber.
Allow the sensing chamber to dry completely and re-insert into the MINIRAM
as indicated in section 7 . 0 .

1 3 . 0 PRECAUTIONS AND OPERATING POSITIONS

The interior of the MINIRAM sensing chamber should not be exposed to
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fluctuations of intense light; flashes of sunligit or bright daylight especially,
are to be avoided. Such excessive variable illumination of the scattering
detector can result in significant measurement errors that may persist over
several 10-second display cycles. In order to operate the MIHIRAH under those
conditions it is advisable to use the Sunshield accessory (GCA model OTi-SNS,
sea section 17+5) * . .

Another potential source of error is the preesRee of reflecting sur-
faces in close proximity to the sensing chamber openings. Such objects should
be kept at least 2 em (3/4 inch) from the chamber openings.

The removeable sensing chamber should not be used as a carrying handle,
especially not while operating the MINIRAM; holding this chamber nay affect the
measurements.

When using the MINIRAM for personal monitoring it should be positioned
vertically, i.e. with the display/control panel facing upwards, by either
clipping the MINIRAM to the belt, shoulder strap, etc.

In general, an approximate vertical position is to be preferred for any
long-term monitoring purposes, in that this position minimizes potential
particle deposition within the removable sensing chamber.

Other monitoring positions are:
a) horizontal, resting on belt clip
b) hand held (while ensuring that hand and fingers are away

from edges of sensing chamber)
c) Using the optional MINIRAM table stand
d) Wall mounted using belt clip, or the Hour battery

pack attachment screws on the back of the MINIRAM.
1 4 . 0 INTRINSIC SAFETY

The MINIRAM has been designed to satisfy the requirements for intrinsi-
cally safe operation in methane-air mixtures. The sealed battery pack incor-
porates a current-limiting resistor that limits the battery short circuit*current to less than 14A. An MSHA 2G approval has been applied for.

^Approval Is expected by March 1 9 8 4 .
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15 .0 SPECIFICATIONS

I

I
I
I
I

Measurement ranges: 0.01 to 10 mg/m3 and 0.1 to 100 mg/m3

Precision and stability (for 10 sec. readings)*: ± 0 .03 mg/m3 (2~sij*ma)
* Precision and stability of time-averaged measurements*:3i 0 .02 wg/m (£or I minute averaging)3 to

± 0.003 mg/m (for 1 hour averaging)
t 0.001 mg/m (for 8 hour averaging)•iTemperature coefficient: 0.005 mg/m per "C (typical)3 -iReadout resolution: 0.02 mg/m or 0.1 mg/m depending on

automatically selected range (3 digit LCD).
Digital readout updating time: 10 seconds
Analog output time constant: 0.2 seconds

• Total measurement period: 8 1/3 hours, or indefinite 8 1/3 hour cycles
• Particle size range of maximum response: 0.I to 10 ua in diameter
• Measurement display: normally 10 second real time measurement;

or momentarily: time-weighted average, or 8-hour equivalent shift
average, or elapsed sample tine (in minutes), or zero value, or
identification number, or programmable code.

• Data storage: seven concentration averages, sampling periods in
minutes (3 significant figure resolut ion), off time (10 minute
resolution), Identification number, zero value, programmable codt>,
and check sum.

• Real cirne outputs: analog (0 to - 1 .5V full scale), and digital
ASCII.

• Memory playback: either by own LCD display, or by 1 10 , 300 or 600
baud, ASCII digital output (20 mA current loop, or RS232 terminals
may be connected with appropriate interface).

• Nominal battery voltage: 7 . 5 V
• Average battery current drain: 40 mA
• Continuous operat ing time with full battery charge: 10 hours,

approximately

*At constant temperature (typ. 2 5 ° C )

20
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• Operating temperature: 0° to 509c (32 to 120°F ) Storsce: -20 eo AO °C .
* Outside dimensions: main body: 10 x 10 x 4 cm (4 x 4 x 2 inches);

sensing chamber cover: 7.7 x 3.8 x 1 .5 cm (3 x 1 .5 x 0.6 inches)
« Weight: 0 .45 kg. ( 16 02 . )

16 .0 STANDARD ACCESSORIES

subsections.
16 . 1 Battery Charger

The battery charger (GCA model PDM-l- 157- l ) serves the following functions
recharge or maintain the charge of the nickel-cadmium batteries within the
MINIRAM, permit continuous a . c . power line operation, and provide power for the
operation of pump of the optional GCA model model PDM-1FZ Zero Check Module (see
section 17 .2 ) . The charger can not be used to power the MINIRAM without its
batteries, however, it can be used to charge a separate or spare battery pack
(GCA model PDM-3B, see section 7 . 0 ) .

The standard battery charger is designed for a 120V/60 Hz input,
however, it can be obtained for 220V/50 Hz if so spec if ied .

1 6 . 2 Other Standard Accessor ies
Other accessories supplied with the MINIRAM are :

• Output connectors (can be used for the analog, and/or
the digital output jacks ) .

• Shipping Case
0 Instruction Manual

1 7 . 0 OPTIONAL ACCESSORIES

Several optional accessor ies are available from GCA for the MINIRAM
these are descr ibed in the fol lowing subsec t ions . *

1 7 . 1 Flow Adapter (CCA moc'el PDM-1F)

The Flow Adapter (see figure 6a) when used in conjunct ion with the
MINIRAM and any pump or external flow systen, allows a sample to be drawn
through the instrument sensing chamber. A personal monitoring punp at flow rates
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of 2 ̂/minute or less be used.

To attach the Flow Adapter to the MINIRAM (see figure 6B) loosen the two
thumbscrews and pull the front sealing plate forward. Slide the Adapter over
the MINIRAM sensing chamber as illustrated above; secure the Adapter to the
MINIRAK by tightening the two alien-head screws through the hold doun tabs.
Tighten fche fch«rabser«ws eo seal the et*o wld plates to the MINIRAM sensing
chamber. . . • • . • • • . • • • " : - T . • • - • ; • • • •

typically. thl« accessory wotiid fet usgfl when extracting samples from aerosol
chambers* detecting leaks from pressurized duct <j, or for isokine^ic sampling
using probes.

1 7 - 2 Zero Check Module (GCA model PDM-1F2)
The Zero Check Module can be used to zero the MINIRAM when a clean air

environment is not available. The Zero Check Module should be used when concen-
trations in the range above 0.5 mg/m are to be measured (see section 3 . 1 0 ) .

In addition, this accessory can be used to draw a sample stream through
the MINIRAM sensing cahmber (in lieu of a separate pump) by disconnecting the
small tube at the sensing chamber inlet fitting (see figure 7a) .

This accessory consists of a pump, filter and the necessary tubing to
circulate clean filtered air through the MINIRAM. The pump may be powered by
the MINIRAM battery charger (or a 5-10 VLC power supply). The battery within
the MINIRAM cannot be used to operate the Zero Check Module.

*Notes :
When using any of the optional accessories that are attached on and
around the sensing chamber (modeis PDM-1F, -1FZ, -IPS, -1FR, and -SNS)
to perform measurements at concentrations below 0.5 mg/m , it is advis-
able to zero check the MIUIRAM with the accessory in place, making sure
that its mounting and sealing screws are properly tightened.
Use an external pump or pressurized air source (well filtered) to drive
clean air through the sensing chamber to zero the MINIRAM with any of
those accessories (except in the ca.,e of the Zero Check Module). To
zero check the MINIRAM when using the ?unahield place Instrument with
the attached sunshield in a clean room environment (see section 3 . 1 0 ) .
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To zero the MINIRAM, first attach the Zero Check Module (see figure 7b)
following the same procedure described for attaching the basic Flow Adapter (see
section 17 . 1 ) . Connect the battery charger to the Zero Check Module and to an
A,C. source. Allow at least one minute of operation to purge the sample chamber
with clean air. Press the ZERO button on ehe MINIRAM and continue operating
tfc* Zero Check Module uncil the final average zero reading is displayed (see
section 3. 10) .

17.3 Personal Sampler Adapter (GCA models PDM-1F5 and PDM-2FS)
This accessory, when used with the MINTKAM and a personal monitoring

pusp, permits active sampling of respirable (cyclone preselected) particles through
the instruaent sensing chamber and collection on a filter. The aerosol sample is
drawn through a 10 mm nylon cyclone (with a 50% cue point at 3.5 urn vher. operated
at 2 £/minute) , through the sensing chanber of the MINIRAM, and then col lected on
a filter locaeed tn the cassette/fi l ter holder for subsequent gravimetric or
other analysis.

The model PDM-IFS is for use with an MSA 37mrn filter cassette no. ^ 5 7 1 9 3 .
The r.odel PDM-2FS is compatible with a Millipore 37mm disk filter holder no.
i -ZXl 1 -025-03 (see figure 8a ) .

To attach the Personal Sampler Adapter to the MINIRAM (see figure 8b ) ,
follow the same procedure as described for attaching the basic Flow Adapter
(see section 1 7 . 1 ) . Connect a leng*-1- of tubing from the -xhaust fitting on the
filter holder to a personal sampling pump (not provided with the Adapter) .

The -jse of the Personal Sampler Adapter permits concurrent MINIRAM
readings and filter collection to facilitate calibration of the MINIRAM for a
specific aerosol , or to determine both concentrat ion and chemical composition
of the aerosol.

17.4 respirator Adapter (GCA model PDM- 1FR )

The Respirator Adapter, when used in conjunct ion with the MINIRAM, pro-
vides a means of measuring aerosol concentrations Inside a respirator. The
external concentration can also be measured with the MINIRAM and thus the values
obtained with che MINIRAM afcer connecting it to the respirator can be used to
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determine protection factors; consequently, quantitative fit checks are
possible under field conditions.

WARNING: DO NOT USE THIS ACCESSORY IN A HAZARDOUS (TOXIC DUSTS.
FUMES, GASES, ETC.) ENVIRONMENT. SINCE RESPIRATOR INTEGRITY
CANNOT BE GUARANTEED BECAUSE OF THE POSSIBILITY OF LEAKS.

A tube should be attached from a tap on the respirator to the inlet (which is
located on the smaller scaling plate) of the Respirator Adapter (see figure
9a). When the respirator wearer exhales, a slight positive pressure develops
inside the mas'* resulting in an air flow to the XINTRAM sample chamber, where the
concentration is measured. This air then passes through a check valve as it exits
the chamber. When the wearer inhales, the check valve closes to prevent exposure
to ambienc conditions. A back-up filter is also used after the check valve as
an additional safety precaution in the event of check valve failure,

To attach the Respirator Adapter to the MIXIRAM, follow the same procedure
for attaching the basic Flow Adapter (see section 1 7 . 1 and figure 9b) .

1 7 . 5 Sunshield (GCA model PDM-SNS)
The surshield accessory serves to protect the MIXIRAM sensing elements

from excessive -ambient light fluctuations (see sect ion 1 3 . 0 ) . It should be
i:sed whenever :'-.e MINIRAM is to be operated outdoors or under fluctuating
bright light illumination. It is also advisable to use the sunshield to pre-
vent loose clotning or other objects from touching or entering the opsn sensing
chamber. The -se of the sunshieid causes only a slight retardation of the air
exchange rate between the outside and inside of The sensing chamber, an effect
that is negligible except when using the analog output in crder to follow rapid
fluctuations of particle concentration. The sunshield attaches by its two
support tabs to the body of the MINIRAM (see figure 10 ) .

1 7 . 6 Shoulder Strap (GCA model PDM-SS)
The PDM-SS is a leather strap, worn over the shoulder and across the

chest, which attaches to che wearer's belt in front and back. The MINIRAM
itiounting loop Ir. the upper chest area al lows exposure measurements close to the
breathing zone while still permitting comfort and freedom of movement (see figure
U) .
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1 7 . 7 Table Stand (GCA model PDM-TS)
The stable stand accessory provides a convenient mounting support for the

MT3JIRAM when it Is used for area monitoring. The MINIRAM is simply clipped onto
the table strand which holds it in a position where reflections from the table
surface do not interfere with its operation (see figure 12),

1 7 . 8 Dot Matrix Digital Printer is a Star DP-8240 un±e specially modified
for use with the MINIRAK. It is supplied with a special interconnecting cable
which is plugged into the digital outpuc jack of the MIKIRAM. The PEM-DP-1
is normally provided for 120V/60 Hz operation. Operation with 220V/50 Hz
line can be provided upon customer request. The PDM-DP-1 weighs a kg ( 8 . 8
Ibs), and its dimensions are 28W x 20D x LOH cm ( 1 1 " x 7 7/8" x 4") (see
figure 13 ) .

The use of the PDM-DP-1 in combination with the MINIRAM is described in
section 10 .0 . A separate instruction manual fcr the printer is supplied with
that unit.

1 7 . 9 Reference Scacterer (GCA model PDM-RS)
The PDM-RS is a specially modified sensing chamber that includes a

diffusing optical filter mounted within the sensing region of the MINIRAM. It
is designed to scatter a control led amount of light from the infrared source to
the detector, providing a stable and repeatable reading on the MINIRAM display.
The reference scatterer is inserted into the MINIRAM instead of the normal
sensing chamber, and the readings are obtained operating in the MEAS node. If
the PDM-RS is ordered from GCA concurrpncly with a MINIRAM the reference
scatterer will be factory marked with the calibration reading to be obtained
when inserted into that particular MINIRAM whose serial number will also be
shown on the PDM-RS tag. The readings displayed by the MINIRAM when inserting
the PDM-RS should be within ± 5% of the value marked on that reference scatterer . *
The readings obtained with the reference scatterer may show a small warm-up
drift ( i . e . gradual change) during the initial 5 to 10 minutes after pressing
MEAS.

If the reference scatterer is ordered separately from the MINIRAM, the
user will then determine the calibration reading obtained on the MINIRAM and
mark it (together with the MINIRAM serial number) on the PDM-RS tag.
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Because of small differences in the optical confduration of each MINtfUM and
of each reference scatterer. the readings obtained with a given reference
scatters are unique to a given MISIMM. The response to a glven populatloa

of airborne particles, however, is the 3ame for all factory calibrated
MINIRAMs, within approximately ± 52.

17 . 1 0 Carrying Case {GCA model PDM-HC-l)
Th« PBM-HC-l is a convenient and compact hard shell carrying case

designed to house a MINIRAM and a battery charger. The inside Is foam padded
for full protection. The outside dimensions of the PDM-HC-l are- len th -
9*3 inches, depth - 7 inches, and height - 3^ inches.

*Prior to the use of the reference scatterer the MINIRAM should be
zeroed with a clean standard sensing chamber as described in sect ion 3 . 1 0 .
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tist o£_Figures

1 Main View of MISISAM
2 Timing diagram oi MINIRAM model H5M-3 when pressing

OFT, MEAS. or ZERO (typical times).
3 Typical MINIRAM Model PBM-2 Digital Printout Format
4 20 mA Loop Connection
5 RS-232 Connection
6a Flow Adapter
6b MINIRAM with Flow Adapter Attached
7a Zero Check Module
7b MINIRAM with Zero Check Module Attached
8a Personal Sampler Adapters
8b MINIRAM with Personal Sampler Adapter Attached
9a Respirator Adapter
9b MINIRAM with Respirator Adapter Attached
10 MINIRAM with Sunshield Attached
11 Model PDM-SS Shoulder Strap
12 Model PDM-TS Table Stand
13 Dot Matrix Digital Printer
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PARAMETER BOTTLE
Acidity P.GAlkalinity P.G
Annonfa P.G

BACTERIA
CoUfora, fee*! «od taUl P.GFecal streptococci P.GSiochentcal oxygen demand P.GBiochemical oxygen demandcarbonaceous P.G8ro*tde P,GChemical oxygen denand P.GChloride P.GChlorinated organ fc com-

pounds G, teflon- lined cup

Chlorine, total residual P.GColor P.G
Cyanide, total «nd PCGamenable to chlortnatfon P.G

Dissolved oxygen
Probe GB bottle and topW inkier G, bottle and topFtourfde P,
Hardness P,G,Hydrogen ion (pH) P.G
Kjeldaiil and organic PFGni trogen

HETAIS
ChroaftM VE P,G
Mercury - P.G
Metals except above P.G
MUrate P.G
NItrate-Mltrlte P.GMitr i t e P .G

TABLE I
SAMPLE PRESERVATION AND HOLD TIMES

BOTTLE tfASWNG
PROCEDURE PRESERVATIVE

2.1 Cool. 4*C
2.1 Coo! » 4°C
2.1 Cool, 4°C, K?S04 to pH<2

2.1 Coot» 4*C, O.GOQt H*,S9a,2.1 Cool. 4^C, O.OOftt Na,S?0»2.1 Cool, 4°C 2 2 3

2.1 Cool, 4°C2.1 None re out red
2.1 Cool, 4°C., K?SO* to pH<22.1 Hone required*
2.4 Cool , 4 f tC. » O.OOSt f*«2S2Oj

2.1 Oetermtned on site2.1 Cool, I °C2.1 Cool, «°C
2.1 HaO» to pH>!2o.ooet M2s?o,

Determine on site2.1 Fin on site
2.1 None required
2.1 HM02 to pH<22,1 Oetffrwine on site
2.t Coot. 4°C., H2S04to pH<2

2.2 Cool. 4°C
2.2 HMOjto pH<2, O.OStK?Cr?0;2.2 KHOUo':pfl<2
?.t COOl. 4°C
2.1 Cool. 4JV. H?S04 to pK<2
2.| Tnnl A°c- ' *

PROCEDURE

3.5

3.S

3 . 1
J . I

3.5

Rev.
P«g» 2 of 7

TIMES
14 days
14 4*ys2U days

6 hours& hours48 hours
48 boors28 days

? tfijfi i unit 1extraction!3® tfays {*fter

2 tours48 bours14 days

1 hour
38 days
6Z

4828
6 »onths
8 tonersQ days8 tours
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OH and Grease
Organic Carbon

ORGANIC COMPOUNDS
Extractables (including
phthalates, nitross*inesorganocMorine pesticides,
PCS's R*troaro«atics,
fsopho**one, polynucleararomatic hydrocarbons,haloethers. chlorinated
hydrocarbons and TCOOl .

Extractables (phenolsi

and arooatics)Purgeables (acrolein and
acryloftitrfteiOrthophosphate

Pestic ides

Phenols
Phosphorus (etewental)Phosphonts, totil

RAOIQtOGICAL
Alpha, Beta and radium
Residue totalResidue, filterable

nonfUterablesettleeolevolatile

G. teflon-Mned cap

ResidueResidueResidueSiDcaSpecific c&adueUftce

G, teflon-lined cap

G, teflon-linedseptum
G, teflon-Hoed

sep turn> ,G
G, teflon-lined cap

G
P .G

P.G
P|G
P . G
P!Gp
P.G

2 . 1

2 .4

2 . 1
2 . 12 . 1

2.12.
2.
2 .
2.
2 ,
2 .

Cool. 4^C.
Cool. 4 °C»

Cool, 4°C

to pH<2to pH<Z

2 .4

2.4
2 .4
2 . 1

0.0081 ««2S2Oj

Cool . 4°C
H,SO. t* pH<2
O.OOSt »*a2S2Oj
£00*. 4 t tC.. 0.009J Na
Cool . 4 °C . » 0.008% Ma
i-'ilter on site, coo*.

2S2°:
2s2o.«°c

Cool. 4°C
0.0081 Ma2S2Q}
Coot. 4°C. . CUSO, ft H7$(Y. to

L| ftft ™ C *t

Cooi. }°C
Cool . 4°C. t H2S04 to pM<2

HNOj tortpH<2Coot. 4^CCool. 4°C
Cool. 4°CCool. 4°CCool. 4°CCool . 4°C
Cool, 4°C

3 .4

d*#s

? d*y$ (until
days (afterextractton)

7 days {untilextracttoa)39 days (after
extractionI

1* days

4S hours? days (untilextractiort)30 days (ftfterex tract! on)3.4 28 days
46 hoars

l*,i7 days
I tfftys

28 flays28 days
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2.0 BOTTLE CLEANING PROCEDURES

2*1 General Bottle Cleaning

2.1.1 Bottle Material
Usually pTattfc

2.1.2 Bottle Size
Dependent upon determinations required

2.1 .3 Cleaning Reagents
1. Phosphate-free detergent
2. Dis t i l l ed water

2. 1 .4 Procedure

1. Rinse bottles with tap water
2. Soak bott les in detergent solut ion 'or approximately thirty (30)

minutes
3. Scrub bottles with a brush
4. Rinse bottles several limes with tap water to remove the detergent
5. R in s e bottles thoroughly, several t imes, wi th d i s t i l l ed water
2«2 Bottle C l e a n i n g for Metals

2 .2 . 1 Bottle Mater ia l
Usua l l y polypropylene

2.2 .2 Bottle S i z e
Usually 500 ml

2.2.3 Cleaning Reagents
1. Detergents
2. 1 : 1 Nitr ic acid
3. Di s t i l l ed water

AG9-6/3
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2.2«4 Procedure
1. Follow general bottle cleaning procedure
2. Add 1:1 nitric add to bottles, cap, and shake briefly
3. Allow bottles to stand for approximately 30 minutes, shaking them

intermittently
4. Pour aeld from buttles m<t rfate tftem with tap water
5. Rinse bottles thoroughly, several times, with distilled water

2.3 Bottle Cleaning for Oil a Grease Determinations

2.3 . 1 Bottle Material
Glass with teflon-lined cap

2 .3 .2 Bottle Size
One (1) liter

2 . 3 . 3 Clean ing Reagents
1. Acid solution of 1+1 nitric acid
2. Detergent
3. Dist i l l ed water
4. FreOn-1 13

2 . 3 . 4 Procedure
1 . Fo l low general bottle c lean ing procedure
2. Rinse bottles (excluding caps) with ac id solut ion
3. Pour acid from bottles and rinse them with tap water
4. Rinse bottles thoroughly, several times, with dist i l led water
5. Rin se bott les with Freon- 1 13

2-4 Bottle Clean i ng for Ex t r a c t a b l eOrgan i c s

2 .4 . 1 Bottle Material
Glass with teflon-lined cap

2.4.2 Bottle Size
One (1 ) gal lon

AG9-6/4
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2.4.2 Cleaning Reagents
1. Detergent
2. Chromic acid cleaning solution
3. Distilled water
4. Pesticide grade ftexane

2*4.4 Procedure
1. follow general bottle cleaning procedure
2* Fi l l bottles with chromic acid cleaning solution allow to stand for a

minimum of 1/2 hour
3. Pour chromic add cleaning solution from bottles and rinse them

thoroughly with tap water
4. Rinse bottles several times with dist i l led water
5. Rinse bottles and caps two times with pesticide-quality hexane

2.5 Bottle Clean ing for Hazardous Samples

2 .5 . 1 Bottle Material
Glass with teflon-l ined cap

2 . 5 . 2 Bottle Size
40 ml for tank or high hazard samples, up to
500 ml (wide mouth) for others

2 .5 .3 Clean i ng Reagents
1. Detergent
2. Di s t i l l ed water
3. Reagent-grade methanol

2 .5 .4 Procedure
1. Fol low general bottle c lean ing procedure
2. Rinse bottle with methanol
3. Bake for one hour at 300°.

AG9-6/5
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3.0 PRESERVATION TECHNIQUES

3.1 Preservat1on_Techn1que for Total Hetals

3*1 . 1 Chemical Preservative
UK rax concentrated HNO-

3.1 .2 Procedure
1. Use bottle specifically cleaned for metal determinations
2. Add 5 ml of Ultrex concentrated HNO- per l iter of sample. This

should reduce the pH to less than 2.

3*2 Preservation Techm'que_for Oil and Grease

3.2. 1 Chemical Preservative
Cone. H2S04 or HCL

3 .2 .2 Procedure
1. Use bottled specifically cleaned for oil and grease determinat ions
2. To avoid corrosion of foi l-l ined caps, preservat ive (Cone . H-SOJ

should not be added to empty bottles prior to sampl ing, but
should be added tc samples as soon as poss ib le after co l l ec t ion .

3. AH 5 ml of concentraqted H2$04 or HCL to one (1) l i ter of l iquid
sample. This should reduce the pH to less than 2.

4. Add 1 ml concentrated H2$04 per 80 g of sol id sample

3.3 Preservat ion Technique for Cyanide

3 .3 . 1 Chemica l Preservat ive
NaOH

3 .3 .2 Procedure
Add 2 ml of 10 N NaOH per liter of sample. This should increase the
pH to greater than 12.

AG9-6/6
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3*4 Preservation Technique for Phenols

3.4.1 Chemical Preservative
CuSO., M-SOj, and HMAft f A -* ft

3.4.2 Procedure
1. Add tO ml of a 100 g/1 CuS04 solution per liter of sample 1n order

to attain a concentration of I g/1 CuS04» and acidify with H.SO^
to a pH less than 4.

2. Add a sufficient volume (usually 5 ml per l iter of sample) of 1:9
H-jPO, to lower the pH of the sample to less than 4j *?

3.5 H.,50,, Preservation Technique for COD and All Forms of Nitrogen and
Phosphorus

3.5 . 1 Chemical Preservative
H2S04

3.5.2 Procedure
Add 2 ml of concentrated H2$04 per l i ter of sample . This should
reduce the pH to less than 2.

4,0 REFERENCES

1 . U . S . EPA, 1979 . Metnods for the chemical ana lys i s of water and was t e s .
March 1979. EPA-600/4-79-G20.

2. A. P .M . A. 1975 . Standard methods for the examinat ion of water and
wastewater, 14th ed.
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pK * Elactromatrfc Method

1.0 SCOPE AND APPLICATION

1.1 TMs iMthod Is applicable to drinking, surface, and sal ine waters,
tod fn&iatHaf «mt*.

2,0 SUWtARY OF METHOD

3.0 SAMPLE HANDLING AND PRESERVATION

3.1 Samples should be analyzed as soon as possible, preferably 1n the
field at the time of sampling.

3.2 High-purity waters and waters not at equi l ibr ium with the atmosphere
are subject to changes when exposed to the atmosphere, therefore the
sample containers should be filled completely and kept sealed prior
to analysis .

4.0 INTERFERENCES

4.1 The glass electrode, in general, is not subject to solution
Interferences from color, turbidity, col lo idal matter, ox idant s ,
reductants or high sa l in i ty .

4.2 Sodium error at pH levels greater than 10 can be reduced or
el iminated by using a "low sodium error" electrode.

4.3 Coatings of oily material or particulate matter can Impair electrode
response. These coatings can usually be removed by gentle wip ing or
detergent washing, followed by dist i l led water rinsing. An
addit ional treatment with hydrochloric acid {1 + 9) may be necessary
to remove any remaining f i lm.

AG9-6/1
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4.4 Temperature effects on the electronetrlc measurement of pH arise from
two sources. The first Is caused by the change In electrode output
at various temperatures. This Interference can be controlled with
Instruments having temperature compensation or by calibrating the
electrode-Instrument system at the temperature of the samples. The
second source 1s the change of pH inherent In the sample at various
temperatures. The error Is sample dependent and cannot be
controlled, it should therefore be noted by reporting both the pH and
tamerature at the time of analysis,

5.0 APPARATUS

5.1 pH Meter-laboratory or field model.
5.2 Saturated calomel reference electrode, fiber type.
5.3 pH glass electrode, s i lver/si lver chloride, low Ionic strength.
5.4 Magnetic Stlrrer.
5.5 100 ml Beakers.

6.0 REAGENTS

6.1 pH Reference Buffer Solut ions :

pH • 10.00 + .01
pH * 7.00 ^.01
pH - 4 .00 ^.01
pH « 2,00 *>01

7.0 CALIBRATION

7.1 Reference buffers solutions wust be at room temperature. Each
Instrument/electrode system must be calibrated at a minimum of two
points that bracket the expected pH of the samples and are
approximately three pH units or more apart.

7.2 Immerse the electrodes In pH 7.00 buffer solution and adjust the
meter to the proper reading with the cal ibration control.

AG9-6/2
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Rinse the electrodes, Immerse in a second buffer solution, and adjust
to the proper reading with the compensator control.

Repeat adjustments on successive portions of the two buffer solutions
as outlined 1n procedure 8 until readings are within 0.05 pH units of
the buffer solution value.

8.0 PROCEDURE

8.1 Transfer approximately 50 ml of sample Into a 100 ml beaker. Allow
sample to equil ibrate to room temperature. With sample st irr ing on a
magnetic stlrrer, Immerse electrodes and allow three minutes for
equilibration. Turn off the stlrrer and then record the reading to
the nearest 0.05 pH unit.

9.0 CALCULATION

9.1 pH meters read directly in pH units. Report pH to the nearest 0.1
unit and temperature to the nearest °C.

10.0 PRECISION AND ACCURACY

10 . 1 Forty-four analysts in twenty laborator ies analysed s ix synthetic
water samples conta in ing exact increments of hydrogen-hydroxyl ions .
with the fol lowing resu l ts :

AG9-6/3
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H units
3.5
3.5
7.1
7.2
8.0
8.0

pM Units
0.10
0.11
0.20
0.18
0.13
0.12

Bals^t
-0.29
-0,00
+1,01
-0.03
-0.12
+0.16

Bfas pH ynits
-0.01

*0»@7

-0.01
+0.01(FWPCA Method Study 1, Mineral and Physical Analyses)

10.2 In a sing], laboratory (EMSL), using surface water samples an average
pH of 7 .7 , the standard deviation was +0. 1 .

1 1 .0 REFERENCES

1. Standard Methods for the Examinat ion of Water and Wastewater, 14th
Edit ion, P460, ( 1 975 ) .

2. Annual Book of ASTM Sandards . Part 31, "Water " , Standard D 1293 -65
p l?8 ( 1 976 ) .

3. Methods for Chemical Analys is of Water and Was t e s , EPA-600/4-79-020
1979 . '
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FIELD MEASURMENT OF
SPECIP1C CONDUCTANCE

1.0 SCOPE OF APPLICATION

1.1 This method 1s applicable to drinking, surface, and saline waters,
domestic and Industrial wastes.

2.0 EQUIPMENT

2.1 The specific conductance of a sample is measured us ing a YSI Model 33
S-C-T meter, or equivalent.

3.0 MAINTENANCE

3.1 Using bottle brush, scrub the bore of the cell with a water/detergent
solution and rinse thoroughly with distilled water. Shake out
surplus water and examine to make sure surfaces are evenly wetted.

3.2 If there are more stubborn deposits, soak in a 1% HC1 solution and
wash out thoroughly with d i s t i l l ed water.

3.3 Swi t ch dial to RED L INE , if the needle cannot be made to remain at
RED LINE using the red line adjust knob, replace batteries with two
1 .5V (S ize D) Durace l l batteries.

4.0 CALIBRATION

4.1 Zero check - Switch OFF. with meter screw on face plate, adjust knob
to 0 UMHOS if necessary.

4.2 The instrument should be standardized against a known conductivity
standard or against the reading of a laboratory conductivity meter
once per month, or each time before it is released from the
laboratory for field work.

AG9-6/1
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Percentage variance from the known standard should be noted on the
Instrument face and in the equipment log book*

If the Instrument fails to read within 90 percent of the standard,
follow manufacturers Instructions to recalibrate,

4.3 Check accuracy of temperature readout against an NBS-traceable
thermometer. Note variance on Instrument face plate and in Equipment
log book.

4.4 Record results and date of cal ibration in Equipment log book.

6.0 OPERATION

6.1 Plug probe into jack.

6.2 Swi t ch to RED LINE with RED LINE control adjust meter to red l i ne .

6.3 Temperature: Switch to temperature and read meter when needle is
steady.

6.4 Sal in i ty : Read temperature and set C control to ind icated
temperature, switch to SALIN ITY and read 5% sca l e .

6.5 Conduct iv ity: Read temperature and set C control to ind icate
temperature. Switch to appropriate UMHO range for on sca le meter
readings and mult ip ly reading by range.

7.0 REFERENCE

1. APHA-AWWA-WPCF - 1980 - Standard Methods for the Examinat ion of Water
and Wastewater, 15th ed. Method 205.
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MONITORING WELL INSTALLATION GROUNDWATER SAMPLING
A

1.0 GENERAL

Monitoring wells are Installed at or adjacent te hazardous wtste
sites In order to provide an understanding of the overall groundwater
regime, to evaluate flow patterns and hydraulic head fluctuations of
the groundwater immediately surrounding the site and for the
collection of groundwater samples to determine the extent of
contamination in Instances where the site in question has affected
qualify of the groundwater. It ir essential that samples be
collected from sources in a manner that wil l accurately assess the
concentrations of constituents present. This may include the
col lect ion of groundwater samples from exist ing monitoring wel ls and
large diameter production wells and possibly other sources {under
certain circumstances, i . e . spr ings , e t c . ) * in addition to samples
collected from monitor ing wel ls instal led for this purpose .
Generally, the instal lat ion of monitor ing wel ls includes soil
sampling—the col lect ion of which is described in procedure number
3816017 . In the fo l lowing sect ions , techniques are general ly
described for the insta l lat ion and samp l i ng of mon i to r i ng we l l s .

In instances where new monitoring wells are necessary, a review of
all prior data pertain ing to the groundwater regime and the qual ity
of the groundwater in the area is a necessary part of the
dec is ion-making progress involved with s i t ing the new we l l s . We l l
i n s ta l l a t ions may be accompl ished through a contract based on a r i g i d
set of spec if icat ions and unit pr ice payments or by a time of
materia ls contract . Wh i l e the former is normally cons idered
preferrable, the number of unknowns (both in location and subsurface
conditions) may dictate that the latter course be followed.

AG9-6/1
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and maintain the borehole. The drill bit 1s attached to the drill
pipe (called the drill stem) and rotated from the ground surface by
the dri l l rig. Water and dri l l ing fluid (usually mud) are circulated
down the dril l stem, out the bit and up the anular space between the
borehole and drfll stsro. Generally, a mud pit or tank at ground
surface reeelvss the drflfitf fluid amf allows the subsurface drill
cutting to settle out.

Wel l casing Is generally ,iot employed during dr i l l ing except to
mainta in an open borehole above the water table or where especia l ly
loose formation materia ls are encountered. Below the water table , in
most normal circumstances, the thick dri l l ing muds "pack" open the
borehole, permitt ing placement of well screens and cas ing after the
dril l bit and stem are removed fro-fi the borehole.

Two common variations of hydraulic -otary dr i l l ing are air rotary and
reverse circulat ion rotary. Air rotary is commonly employed in
consol idated rock dr i l l i ng where compressed air of high volume and
pressure removes dri l l cutt ings and the borehole remains open due to
its consol idated nature. Reverse c irculat ion rotary is a method
which uses water a long as the d r i l l i n g f lu id with th* water flow <-_ t» jj

the dri l l stem and down the anular space between the borehole and
dr i l l stem ( in the opposite d irect ion from hydraul ic or s tra ight
rotary dr i l l i n g ) . In reverse c i r cu la t ion dr i l l i ng , the hydrostat i c
pressure of continuous water c i r cu la t ion ma in ta i n s the borehole pr ior
to screen and cas ing placement.

Rotary dr i l l i ng is most s im i l a r to another d r i l l i n g method known as
jet d r i l l i n g or je t t ing .

2 .2 .4 Jett ing
Jett ing involves the use of water or dr i l l ing muds under pressure to
advance the cas ing. Cutt i ng s are removed in advance of the borehole
by the return flow of the dr i l l i ng f lu id . The borehole may be
stab i l i zed by the dr i l l i ng fluid on cas ing .

AG9-6/4
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Accurate and precis® groundwater quality monitoring requires
sophisticated well installations. Several basic design criteria oust
be followed to insure quality installations in the highly variable
geologic conditions encountered.

Mall drlling methods and equipment are highly specialized, and
t her afore, well drUing crew qualifications, equipment and experience
are important to the successful completion of the work. However,
well drillers typically only provide operational capabilities; they
require the guidance and assistance of the certified geologist or
engineer to interpret the application of of the basic criteria to the
changing geologic at a given site. In addition, onsite observation
of the well dri l ler 's operations by an independent party provides a
check of specific product details, which are most important to the
interpretation of the water quality results obtained. The cert i f ied
geologist or engineer would provide services inc luding, but not
l imited to the fol lowing;

o A11 matters pert lan ing to pay est imates , contractor c l a ims ,
progress of work, def i c i enc ies .

o Reviewing the contractor ' s proposed p lans , schedule,
and other data to be submitted in compliance with
of a purchase order or specifications, such as any plans for
special testing work, soils sampling, developing, grouting,
locking cap devices.

o Rev iew ing and approving all equipment and methods the
contractor proposes to use .

o Records of operat ion, sucn as: procurement, storage and
Instal lat ion of all mater ia l s and equipment; all well logs,
special test ing reports, progress reports, equipment reports,
safety reports.

AG9-6/5
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o Observing, measuring, and recording all operational tests such
as soil or core sampling, special testing, logging and water
sampling,

o Satisfying that Information on screen settings and other
decisions dependent upon field conditions encountered during
tha progress of the work are handled expedition/sly and promptly
and properly transmitted to the Contractor.

3.0 PERMANENT SAMPLING DEVICES

In addition to monitoring wells, permanent sampling devices such
as "Barcads" or suction lyslmeters may be Instal led In order to
obtain groundwater samples. Instal lation techniques for these
devices wil l be developed recognizing the special requirements of
these devices. In general, however, permanent sampl ing devices
wi l l be Instal led In boreholes excavated us ing wash bore or
augerlng techniques as discussed previously. Such devices may
also be Insta l led in boreholes that have been dr i l led with other
equipment and In boreholes dr i l l ed in bedrock where condit ions
require,

The sampler shall be positioned in the borehole at the desired
depth for sampling and packed with clean mono-mineral tc fi lter
sand. The method by which sand 1s added to the borehole and
tamped shall be such as not to damage the sampling device.

Normally such devices are uti l ized where multiple levels
groundwater levels are to be monitored and bentonite pel lets shal l
be used to Isolate samplers and prevent cross contamination of
aquifers . The Interval to be sealed wil l be determined by
subsurface strata encountered during the boring and the th ickness
of the seal and method by which It 1s Instal led wi l l be determined
based upon the type of boring equipment uti l ized and the geo log ic
dormation into which it Is placed. Groundwater samples should be

AG9-6/6
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obtained In accordance with procedures outlined by the
manufacturer*

4 .0

Following the placement of a sampling device and bentonlte seal,
the borshoU shall be backfilled with cement grout or material of
sufficiently low permeability and of such quality that the
potential for contamination from overlying zones 1s minimized,
Similar material shall be placed In the Intervals between devices
where multiple zones are to be monitored.

SAMPLING FROM A MONITORING WELL

When sampling * monitoring well , the following procedure should be
followed:

o Check the well for above ground damage.
o Remove the well cap (a wrench may be needed).
o Measure and record the depth to water and the time of

measurement.
o Measure the total deptn of the we l l .
o Remeasure and record the depth of water after a lapse of 4 to

minutes following initial measurement and record the depth to
water and time of measurement.

o If success ive measurements show essent ia l ly no difference,
continue the sampl ing procedure. Where the level change is
greater than 1/ lOOth ft, delay t»ie remain ing procedures unt i l
the change observed ana recorded is less than that figure.

o Determine the amount of water in the well (depth of water x
cross sectional area).

o Purge the well by either removing all the water from the we 1 !
and al lowing it to recover three to ten t imes , or by removing
the equivalent of three to ten well volumes of water . The
procedure to be used wi l l Be determined by the cn-slte
coordinator on the basis of geologic and/or hydrogeologic
conditions and on well construction detai ls. Well purging can
be accomplished with centrifugal pumps, peristaltic pumps or

AG9-6/7
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bailers. The well purging equipment shall be cleaned as
described for samplers 1n Section 4.1 following,

o Clean the sampler as described in the following Section (4 . 1 )
Immediately prior to Inserting It into a well.

o Collect samples using a bailer, pump, or positive pressu e
sampler dependent upon the general nature of the contaminants
of concern. Sampler materials of construction shall be
specifically selected for each contaminant.

SampTer Cleaning

Sampler cleaning 1s ta be performed immediately prior to sampl ing
from any we l l . Any portion of the sampling device which contacts
contaminated water sha l l be cleaned or disposed of between we l l s .
For example, the cable used for ball ing shall be subjected to the
same cleaning requirement for a length at least equal to tw i c e the
depth to the water surface. Where pumps are used, short sections
of sample tubing may be disposed of rather than c lean ing .
fol lowing procedure is followed for cleaning sample's and
equipment:

9 Rinse with clean tap water.
o R i n s e w i th reagent grade -net ha no! and a l low to
o Rinse at east once *Un clean tap water.

dry

If appropriate the above procedure can be preceded with a wash
with soap (Alconox or Uqlnox) . Line and cables used to lower
samplers into monitor ing we l l s w i l l be disposed of in an
appropriate manner dictated by the On-site Coordinator or cleaned
and rinsed jslng the procedures ojt lined above for c lean ing
sampling devices. Persons obtaining grovndwater samples wil l wear
chemically inert protective gloves to prevent skin contact with
sampling dev ices , l ines and cables and potentially contaminated
groundwater.

AG9-6/8

001057



IIIIIIIIIIIIIIIIIII

No 38 160 13
Rtv
Page 9 of 12

Ba lMng

A bai ler made of PVC, Tef lon, or sta in less steel can be used to
remove the stagnant water in monltoring wells and obtain samples,
The problems with this method are: a) cross-contamination between
wells can occur; b) the method Is time-consuming; and c) contaminants
can eas i ly enter the water w1 tn many trips up and down the we l l .
Properly used, a bottom f i l l ing bailer should not s^nfflcantly alte'
the water qual ity. It Is a cost-effect ive method If the we l l s are
shallow have adequate s ire for tie sampler and only need to be
sampled Infrequently.

4 . 3 . 1 Equipment
Bottom F i l l i n g Ba i l e r - Sta i n l e s s steel bai lers with Inert f i t t i n g s
(such as teflon) shall be used to collect samples. Water enters the
ba i l e r through a hole d r i l l e d through the bottom end plug and 1s
prevented from draining out by an inert ball check valve. The plug
f i t s t ightly Ins ide the ba l le r *nd requires no adhes ive * , wh i c n mi^t
contaminate the water. A cable nade of nictcl (or some other
nonlnterfer lng mater i a l ) Mi r e is jsed to ra i se and lower the ba i l e r .

4 . 3 . 2 Sampl ing Procedure
The cable supporting the sa.npler should be prevented from coming in
contact with the water in the wel l . The bailer should not come in
cortact wi th any (Mater ia l s outs ide of the w e > l cas ing . When emptying
the bailer, a new pair of disposable gloves are to be worn for eec*
I nd iv i dua l well sampl ing .

Samples are carefully poured from the ba i l er Into clean scrum bott les
or screw-cap vials of appropriate size (usually 40-125 ml ) , avoid ing
turbulence, which night result in loss of volati le organics and/or
excessive oxygenatlon of the samples. Care shall also be exercised
to eliminate the entry of or contact with any substance and the
Interior surface of the v ia l s or caps other than the water sample
being collected. The containers are topped-off to avoid gas space
and tightly closed wi th t e f l on- l i n ed septurns held In place by

AG9-6/9
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open-top screw caps. The sample bottles s iould be prepares *Uh
appropriate preservat ives prior to sampl ing . The baMer must be
cleaned as described in the previous section before reuse.

4.4 Pumping (for suction l i f t s up to 25 feet)

The per i s ta l t i c pump Is the preferred type of pump for samp l i ng
groundwater (except when samples for vo lat i l e organic ana l/se s are
obta ined) . The pump wi l l rot s ign if i cant ly affect the qua l i ty of tne
sampled water , except poss ib ly str ip volat i l e fract ions . The wate--
1s pumped through chemical ly tubing ( I .e . t e f l on ) , therefore, it does
not come 1n contact with the a i r , nor 1s a strong vaccum app l i ed to
it. The major drawback of this pump is that 1t cannot be used to
pump water from a depth greater than about 25 ft and that it punps a:
a re la t ive ly low rate ( 100 ml/minu te ) ,

4 . 4 . : Equipment
o Per i s t a l t i c pump
o I l i ter erlenmeyer f l a s k
o 6 Ttn I . D . tef lon tubing
o 6 mm 0 .0 . g la s s tub ing
o 6 mm I .D . tygon tub ing

4 .4 .2 Samp l i ng Procedure
Figure 1 dep icts the samp l i n g system which =, al l be used to ob ta i n
samples by pumping.

Groundwater wi thdrawn through a prec ledned 6 nm O . D , tef lon t jbe and
discharged into a clean, ca l ibrated one- l i ter heavy-wal l erlenmeyer
flask with a per i s ta l i c pump on the out I at side of the sampl ing
f lask .

The sampled water contacts only teflon and precleaned glass 1s then
carefully transferred to appropriate glass sample conta iners for
shipment to the laboratory. This system sha l l not be used for
samples to be analyzed for vo la t i l e organ i c s , because of pos s i b l e
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str ipping of highly volat i le const i tuents from the sample under the
reduced occurring in these systems. It may, however, be used for
non-volat i le constituents such as metals or other organ ic * .

4,5 Positive Pressure Sampling (for greater than 25 feet sampling depth)

A gas-lift sampler can be used in wells where the ground water
surface may be greater tnan 25 ft. below ground surface. The sample
pump should be made of g l a s s , ?VC, Teflon, or s ta in l e s s stee l ,
depending on the const i tuents of interest . For the toxic po l l u t a n t s ,
PVC or Teflon is best due to tfte ir inertness and ruggedness . Car e
should be excercised 1n se l ec t ing the pre s sur i z i ng gas so the wate^"
quality is not s ign if i cant ly affected due to the gas-water con tac t .
Note that sample times are typically instal led for each sample
Station.

4 .5 . 1 Equipment
o Gas- l i f t sample pump ut i l i z ing tub ing and mater ia l s l ined wi t "

g l a s s , PVC, Teflon, or sta in les s stee l ,
o Ul t ra h igh purity compressed n i t rogen (99 .999^ pure) (New Eng l a nd

Cyrogen ics , Newton, MA ) .
o Reagent grade methanol .

4.5.2 Sampling Procedure
Compressed nitrogen is regulated into an approximate 1/2-inch
diameter nylon tube connected to the sampler i.i the wel l .
Groundwater that has permeated the sampler is forced up through an
approximate 1/4-inch concentric nylon tube and sampled. The pre s s j r e
and flow of nitrogen wi l l be contro l l ed wi th the regu lator in order
that the groundwater sample ex i s t s slowly and with a min imum of
"spurting" at the end. One volume of groundwater wi l l be f lushed out
and discarded to clean the tubes and obtain newly permeated
groundwater. All sample bottles wi l l be fil led directly from the
1/4-inch tubing except in the case of VOA vials where less than 47 ml
is released with each sampling. In this situation, a clean transfer
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bott le is f i l l ed f irst and then transferred to the VGA via l , f i l l i n g
careful ly and capping t ight ly so that no air bubbles remain in s ide
This avoids the introduction of bubbles that would occur from f i l l i ng
direct ly from a "spurt ing" groundwater flow.
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PART

II

V03RK SPECIFICATIONS
GEOPHYSICAL SURVEYING

NORTH CAVALCADE SITE
GENERAL

1.01 SCOPE
A. The work to be performed under this section includes the furnishing

of all labor, equipment, materials and other faciLi€fe"S-and inci-
dentals necessary to perform geophysical sur^/eyidg^near t îe North
Cavalcade Site in Houston, Texas. <~Z&=*£————-

B. The site surveying will consist of using a combination of res 1st iv-
ity, electromagnetics, and ground penetrating radar to determine
which method, or combination of methods, if any, that will produce
the best resolution. In general, the initial profiles should be
widely spaced, with infilling traverses-established based on the
results obtained, the ability to traverse the site with the parti-
cular geophysical tool being used and other factors, as identified
in the field. Onsite data processing capability will facilitate
obtaining maximum benefit from the geophysical tools.

1 .02 INSURANCE
A. Subcontractor agrees and shall submit evidence to the Engineers

before beginning work on the Project that he has procured and will
maintain such insurance as is described in the Engineers Standard
Subcontractor Agreement.

1 .03 QUALIFICATIONS
A. The Subcontractor responsible for this work shall be a reputable

geophysicist employing only competent workmen for the execution of
this Project.

B. The Engineer may make any other investigations deemed necessary to
determine the ability of the Subontractor to perfc-r:. the work, and
the Subcontractor shall furnish to the Engineer all such information
and data for this purpose.

J. The Subcontractor shall furnish satisfactory evidence upon request
that all equipment is in good working order.

D, The Subcontractor shall cramplete the work in accordance with ap-
plicable portions of the tecjral, State, and Local laws and regula-
tions.

1 .04 SITE PROTECTION
A. Upon completion of the work, the Subcontractor shall restore the

site as nearly as possible to the original condition, including the
replacement, at the Subcontractor's sole expense, of any facility or

SOW-1
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landscaping which has been damaged beyond restoration to its origi-
nal condition, or destroyed.

1 .05 ADDITIONAL WORK
A. At the option of the Engineer additional work may be authorized..

Additional work shall..be_.canpIe£ecLat the unit prices bid.
1 .06 "MEASUREMENT AND PAYMENT

A. Payment of work performed shall be on a basis of unit and lump sum
prices bid and actual work performed.

PART 2: DELIVERABLE^
2.01 PROFILES /

A. If a suitable method is determined, the Subcontractor shall submit
contour and isopach maps indicating the stratigraphic profiles of
the soils materials of the shallow aquifer (at about 20 feet), the
aquitard (20-80 feet), and the overlying materials.

2 .02 REPORT
A. The Subcontractor shall submit a report detailing all work performed

including all maps noted above.
PART 3: EXECUTION
3.01 SITE PROTECTION

A. At all times during the progress of the work the Subcontractor shall
use all reasonable precautions to prevent any destruction to the
site property.

3 .02 SITE ACCESS
A. The Subcontractor shall be responsible for all means of access to

the site area, including the need for crossing ditches, etc., with
any vehicles.

3.03 GEOPHYSICAL SURVEY \
A. The area to be surveyed will be near NoKth Cavalcade Street in

Houston, Texas.
B. The method to be used shall be determinad as fellows:

1. The electrical resistivity method shall be employed first, using
a Wenner electrode array;

2. The electromagnetic conductivity technique shall then be used,
using a Geonics EM-34 or similar instrument capable of onsite
data analysis;

SOW-2
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3. If deemed necessary, the ground penetrating radar method shall
be employed*

4. O.ice the best method or combination of methods has been deter-
mined; the remainder of the survey snail be carried out using
the appropriate techniques,

C. Exact areas to be surveyed will be determined in the field as need-
ed.

D. If no method provides results satisfactory to the Contractor, the
survey shall be terminated and the payment to the Subcontractor
shall be prorated as described in the submitted cost proposal.

PART 4: HEALTH AND SAFETY PROTOCOL
4.01 GENERAL

A. The work to be carried out under these specifications is within a
hazardous waste site that is listed on EPA's National Priority List
(NPL) . Hazardous materials are known to be present in the soils
and groundwater of the area. i ,

B. It is anticipated that Level D protection equipment shall be
utilized by the Subcontractor's personnel with contingency to up-
grade as outlined in Section 4.03.

4.02 SUBCONTRACTOR'S RESPONSIBILITIES
A. The Subcontractor is solely responsible for it's personnel's health

and safety. At a minimum, the Subcontractor will be responsible
For adhering to the Contractor's health and safety guidelines.

B. The Subcontractor must provide his personnel with ail the required
health and safety equipment.

I

that the items to be furnished by the Subcontractor for his
work crew under different 1< /els of protection are as described
below:
o All Levels - hard hats

- rubber gloves- (-butylr- n-itciia^or neoprens)- rubber boots (butyl, nitrile or leoprene) with
steel toe and shank- coveralls

o Level D
- chemical resistant coveralls ( i . e . , Saranex) optional
- disposable outer boots (i.e., PVC or equal) optional

I
SOW-3
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Level C - Protective cloth ;rv; and eq
- full face, air purifying cannister equipped respirator- cneraical resistant coveralls ( i .e . , saranex)
- disposable outer boots ( i . e . , PVC or equal) optional
Level B - protective clothing and equipment
- pressure tkmand self-contained breathing apparatus (SCBA)
- chanical resxstantcoverails ( i .e . , PVC, rubber or Saranex)- disposable outer boots <PVC or equal) ^ranexi

C. The Subcontractor nust submit a Letter stating that ail i r '3 .it-personnel have been trained and fit tested for the us* of airpurifying respirators (APR) . " '
4 . 0 3 CONTRACTOR'S RESPONSIBILITIES

A. The Contractor will maintain air monitoring stations • -> , - 4 . , , . .basis when any personnel are onsite. " J

B. Any changes to the level of personal protection will r» as defined
*-AJ i\jHt •

1. Site Personnel will upgrade to Level c respiratory orotectinn
when HNu readies observed in .he anfc.ent atKos^rfare 5 ^n
above background for a 15 minute time weightedUrage period?

rt ** - e n t atncsphere are below
*h t0r a 15 ininute tune sighted aversethen a downgrading to Level D protection can occur.

3. Site Personnel will: a) upjr*to fro* Ujvoi C to L*-i Bre!Sirat°ILpr0!!Ctl0n; °r D) vacate ̂  s^r when HNureadings observed in the ambient atmosphere are 10 pan above-ackground for a 15 minute time weighted average.
4. When the HNu readings In the ambient a

,and the Regional Health and Safety Supervisor artf the SiteManager will be notified.
5. When respirable dust monitor reading of o.l mg/m3 or areaterare observed:, greater

a) Level 8 protection will be worn; or
b) the site will be vacated.

SOW-4
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4 . 0 4 ONSITE HEALTH AND SAFETY COORDINATOR

Should, for any reason/ it be determined that the working condi-
tions are unsafe, the Onsite Health and Safety Coordinator at his/her discretion can terminate the work. The H 4 S Coordinator is
charged with overseeing site health and safety, instnment moni-
toring, personnel decontamination, control of contaminated materialand emergency response measures.

END OF SECTION
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PAST 1 : ' JtNEIVC
i .oi

work *o N- porforw! iivtcr thin MCI Ion inctucte* furnishing all
nobles, preservative and shipping containers necessary for

the "sampling of vsi l« s*5ltmer , anci water samples *nd tr.e analysis
of ttww samples. The <wCTpl«s wi l l f« 'OtJined at a uni'.ed St^te*
Unvirconental Pr Section Ag«w>cy "'SKPA) Superfund sitt* ir, Harris
County, T*?xag. :Mic s i t *? to tx i-vfjsti^ate^i i& the Nor- : :avalcarie
Str'jet Site ;n Houston, foxaa fae« Figure 1). Th« samj. ea snay be
noavs ; -/ contaminated witft conpcxjnds injarnus to nuraan :^a»th and
trv? *.-r /i; -nment ^nd shoul'i t» handled only ry p»-rsonnel *rain«(1 and

^r baling with high hazard c^ieln^c*i». Th» work ?t»y ir>-
rho Analysis it other matrices* ouch as waste •rJej-criing

the result?; of pre.iminary invest iqationa.
5 cope rj£ iui i/ de*:ribe«- 'ne of

project
score )e >ORK - ,T-;K

A. TTw laooratoij j: >set- t ,-r this w
y.jipped for tie arva.ysts of

materials to be analyzed include
t>ase/neutral air catchment ' jbes.
volunes ir*? jiven in Table ..

k should Ge thon.ugn.iy familiar
igh hazard waste sarcpi^s. e

sediment, water, ?rd a,id.
The proposed sample "3 and

Tlte laboratory requested t • ">s7or> \~ proposal t-irz, to *ach of
the fol". wing c- j *ria, *r i rir.^-jn, .. ::resent price bids on the
enci-osed f^ra. :s requested rr^t t n t - -^rhnicai propcsal Se no
mon* '.nan ifteer ; i5 ) pages in *engrj-. in^'.^'.ifg cjver letter. A
c,itpany rt resent^tvve should be de<; i ;rtted tr.it is qualified to
r*>got;3te and sign ccntractual agrp'^ments wit-h O4. It i= antici-
pated that ^ visit to 'he laboratory to inspect the facilities,
interview ^rsonr^!, ^nd confirm adherence to quality assurance
docunentatior w. . <e scheiult-vJ prior to contract signing.
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PARAMETER

Acid - Base/NeutralAcid - Base/Neutral
Pesticides & PCB'sCyanide
Priority Pollutant rtetals!ron
Total Petroleum HydrocarbonsVolatile OrganicsArsenic
Volatile Organics
Acid - Base/NeutralsPriority Pollutant MetalsTotal cyanideNitratesIron
Pesticides £ PCB's
Total Petroleum HydrocarbonsGC/TID Screening
for creosote compoundsand pentacnlorophenol

Table I
Proposed Laboratory Sample'

Specifications

SAMPLE
MATRIX

Air
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
WaterWater
Water
Water
Water
Water
Water
Water
Soil

REFERENCE
EPA METHOD

TO-Z
8250/8270

8080
9010
6010
236.1.
413. 2b

8240
7061
624
625
200.7
335.1
353.3
236.1
603 .
4U.2b

N/A

CONTAINER
TYPE

filter
Glass WidemouthJars with
Teflon or Foil
Cap Liners
Glass WidemouthJars with
Teflon or Foil
Cap Liners
septum cap vial
amber glassglass
glassamber glass
glass
amber glassglass
amber glass
Wide mouth jar

VOLUME

N/A
16 02.
16 cz.
16 Q£.
16 02.
16 02.
16 oz.
16 02.
16 02.
40 ml.1 gal.
1 liter
1 liter1 gal.
1 liter
1 gal.
1 liter
1 gal.

QUANTITY .
SURROGATE^

M>A
H'A
M/A
N-A
N/A
N/A
N/A
N/A
N/A
H'A
N/A
N/A
HA
N/A
N/AHA
N/A
600

QUANTITY
FINAL ANAtYSISb

15
70
70
70
70
70
70
70
70
•32
42
42
42
32
42
42
42

and prepped
estimated - actual quantities «y vary
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Address proposa.3 to:
Camp Dresser & McKee Inc.

National Program Management Office (REM II)
7630 Little River Turnpike, Suite 500

Annandale, Virginia 22003
Attention: Mr. Daniel L. Hutton

Subcontracts Manager
(703 ) 642-5500

1 . 0 3 SCOPE OF WORK - DETAILED SUMMARY
The following Scope of Wort is a description of the minimum CCM re-
quirements for successful completion rf this project. The analyti-
cal parameters, matrix types, and estimated volume of samples are
given in Table 1. the following sections are presented as minimum
requirements but are not limited to the information presented in the
bid proposal presented to CEM by the laboratory.

A. INSTRUMENTATION
Instrumentation to be used for the analyses of these samples shall
be modern and well maintained. The types of instrunentation used
for each analysis shall be specified. Maintenance and calibration
procedures and intervals shall be explained and may not be less than
manufacturers' or U.S . EPA specifications. Methods for determining
instruments that are out of specification or calibration and their
isolation and repair procedures shall be listed in the proposal.

B. PERSONNEL
Personnel performing test procedures shall be experienced and quali-
fied to run specific analyses. flj\y training or certification meth-
ods used shall be noted in acidition to the individual analysts' re-
sumes. Procedures to ensure that analysts maintain proficiency and
do not perform tests they are unqualified for shall be given in theproposal.

C. QUALITY ASSURANCE
1. The <>Jality Assurance («>\) program of the laboratory shall be

structured to provide precise, accurate data of a known and doc-
umented quality. A clearly written QA program shall be present-
ed at the Client's request. Data packages should be reported
containing all pertinent Q* operations to allow a qualified
individual to determine the quality of the data and itsapplicability to the investigation.

2. The methods for storage of chemicals and analytical reference
materials for standardization shall be presented. A consistent
plan for replacement of standards and their ability to be traced
to a reference material such as an NBS standard shall be given.
The procedures used for obtaining laboratory and field grade

SOW-4
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blanks and their isolation from sample flow or preparation areas
are requested.

3. Documentation of the percentage of blanks, standards, dupli-
cates, and matrix spikes shall be given in the proposal as well
as the method of introduction into normal sample flow.
Duplicate samples will also be presented to the laboratory
without prior notification.

4. Methods of non-conformance or corrective action control such as
charts and supplemental data shall be presented in the proposal
as well as documentation procedures noting: in control, out of
control, and return to control periods.

5. Specific organics analysis procedures such as a quality control
summary containing surrogate, system blank, reagent blank, dup-
licate matrix spike analysis recovery, instrument tuning and
performance information shall be presented. Also note any %
blank or % spike analysis performed in addition to laboratory QA
program minimum requirements.

6. Certifications, audits, or other inter-laboratory/round robin
quality assurance procedures are an example of a comutment to
quality and should r?e noted in the proposal.

D. METHODS
1. The laboratory should use published analytical methods with data

available to determine precision, accuracy, and detection limit
for each type of matrix encountered. The methods shall be
available to each analyst in written form and used on the bench
top or place of analysis.

2. The procedure used to specif/ applicable methods for each ana-
lysis shall be noted in the proposal as well as how to determine
it the metnod is not working due to interference, or other
causes.

3. Sample preparation methods shall be documented separately from
analytical methods. Procedures for determination of the correct
preparation method shall be explained in the proposal.

4. If no applicable method is available, the steps taken during
method development shall be explained to determine the reliabil-
ity of the new method. Documentation of the development proce-
dures and verification of precision, accuracy, and detection
limit for applicable materials is requested in the proposal.

5. Exact methods proposed for each type of analysis requested shall
be presented in the bid price sheets.

SOW-5
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E. HAZARDOUS MATERIAL HANDLING CAPABILITY
1. The samples that will be su tin it ted by the Client ,Tiay be heavily

contaminated with materials hazardous to human health and the
environment. The laboratory snail be equipped and personnel
trainee to handle these materials in accordance with current
06HA, NIOSH, or other local, state, and federal regulations.
Special procedures or facilities used for this type work shall
be explained in the proposal.

F. SAMPLE MANAGEMENT
1. Procedures for preparing the correct type of sample container

according to U.S. EPA specifications and the provisions for the
correct preservative type shall be explained.

2. Insulated sample shipping or storage chests shall be provided to
the client to maintain correct storage temperatures and chain cf
custody integrity.

3. The laboratory is requested to pick up the samples at the North
Cavalcade job site or provide Cor delivery services.

4. Procedures shall be explained in the proposal for the provision
and maintenance of field blanks and field duplicates and the
introduction of control samples inconspicuously into the flow of
work.

5. If the client needs assistance in correctly labeling/ marking,
or otherwise meeting DOT Title 49 regulations for shipping, the
laboratory may be called upon to provide it.

G. DATA MANAGEMENT
1. A step by step procedure shall be provided for sample logging

and identification. The method used to track samples and work-
load in the lab shall be explained using flowcharts or other
means in the proposal.

2. Error found procedures and data validity checking are key ele-
ments in the data reporting procedures to the client. The abil-
ity of the client to inspect lab notebooks, logsheets, or com-
puter fUas is necessary if lit i .Jtion results from the investi-
gation. Corporate policy on this information and file integrityshall be provided.

3. Laboratory procedures for re-analyzing samples that may have
questionable data «hall be provided.

SOW-6
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H. TURNAROUND PROJECTIONS AND RUSH SAMPLE ANALYSIS
1. It may be necessary for the Client to submit samples at night,

on the weekend, or on a priority rush basis* Proposal price
sheets should list any surcharges for these services.

2. It is required that all samples be analyzed within U.S. EPA
specified holding times. The schedule listed below is requested
in addition:
a. Organics - Sample Extraction within 5 days

M3A Analysis within 7 days
Data Delivery within 30 days

b. Inorganics - Data Delivery within 30 days.
I. SAFETY AND SAMPLE DISPOSAL

1. In addition to the requirements set forth in Section 1.03-H the
laboratory shall have a documented safety plan that provides for
the employees in accordance with OSHA and NIOSH guidelines.

2. The samples submitted may be hazardous under RCRA. The labora-
tory shall dispose of these samples in compliance with local,
state, and federal laws and provide proof of proper disposal to
the client. Samples shall be retained for a period, of 90 days
prior to disposal.

J. PROBLEM RESOLUTION
1. Problems concerning sample receipt and analysis should be resol-

ved quickly. The key to this type of problem resolution is
timeliness, since delays impact sample ho'.ding times, contrac-
tual time requirements for sample extraction and analysis, and
if extreme, could invalidate analyses. The laboratory shall
designate in the proposal a knowledgeable staff member as the
contact person to settle disputes or answer questions quickly.

2. Problems concerning analytical data shall be resolved through
discussions between the Client Project Manager and the Labora-
tory Supervisor. It may be necessary to examine any and all
documentation concerning the problem sample or question labora-
tory personnel. The laboratory shall propose a problem resolu-
tion method in the proposal.

K. LABORATORY INSPECTION
1. The laboratory shall make its facilities and personnel available

for a notified inspection prior to contract negotiation to allow
the Client to inspect these facilities and personnel and to
confirm adherence to quality assurance documentation.
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2. Periodic inspections may be necessary during the course of the
of the project to confirm adherence to quality assurance
documentation.

3. If litigation occurs as a result of the Client's investigation
of the North Cavalcade site, the laboratory shall provide all
lab notebooks, logsheets, computer files or other data as
necessary to the Client.

1 .04 QUALIFICATIONS
A. The laboratory providing analytical services to the Client shall be

experienced and equipped in the analysis of soil, air and water sam~
pies by U.S. EPA methods or equivalent.

B. The laboratory shall be capable of handling and analyzing samples
containing compounds hazardous to human health and the environment
in a safe and legal manner.

C. The laboratory shall provide a list of past clients for whan this
type of work has been provided, and COM may contact any or all of
these to satisfy it's needs.

1 .05 ADDITIONAL WORK
A. At the option of CDM, additional work may be authorized during the

course of the project. Additional work shall be completed at the
prices bid.

1 .06 SURFEIT OF SAMPLES
A. Due to circumstances beyond its control, CDM may not be able to pro-

vide the contracted number of samples. In this case, che work will
be completed and CI>1 will be charged for the actual work done on a
unit price basis.

1 .07 NEGOTIATION OF CONTRACT
A. The laboratory shall designate a person qualified to negotiate and

sign contractual agreements with CDM.
1 .08 MEASUREMENT AND PAYMENT

A. Payment of work performed shall be on a basis of unit and lump sum
prices bid and actual work performed.

END OF SECTION
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STATEMENT OF WORK/SPECIFICATIONS
SITE SURVEYING SERVICES

PART 1: GENERAL
1 .01 SCOPE OF WORK

A. The work to be performed under this section includes the furnishing
of all labor, equipment, materials and otner facilities and inciden-
tals necessary to perform site surveying operations described here-
in, at the North Cavalcade Site in Houston, Texas

B. This work shall be conducted by ground survey or, if deemed neces-
sary and sufficient, by the Contractor, aerial survey. The Sub-
contractor shall be responsible for setting survey targets.

1 .02 MONITORING WELL SURVEY
The horizontal (to the nearest 0,01 foot) and vertical (to the near-
est 0.1 foot) positions of 9 monitoring wells are to be determined.
Locations are shown in Figure 1.
A permanent reference marker will be affixed to the well casing.
Subsequent location descriptions will be in reference to this
marker.

1 .03 BORING SURVEY
The horizontal (to the nearest 0.01 foot) positions of approximately
250 power auger/boring sites are to be determined. Locations will
be determined during the Contractors initial investigations, A
reference marker for each location will be inserted at each com-
pleted site. Subsequent location descriptions will be in reference
to this marker.

1 .04 BUILDING SURVEY
The horizontal (to the nearest 0.01 foot) and vertical (to the
nearest 0.1 foot) positions of all existing features such as build-
ing and paved areas shall be surveyed.

1 .05 DKLIVERABLES
A. The subcontractor will prepare a brief report outlining the field

methods and procedures used, the appropriate traverse data, and the
locations and elevations of each of the survey points. The loca-
tions of the survey points will be plotted on a base map, which will
have been issued by the Contractor.

B. The? Subcontractor shall submit a topographic map of the area with a
one-foet contour interval and a scale o£ one-inch equals 100-feet.
This map shall include all features surveyed such as wells and
buildings.

—sow-i
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A. Horizontal Control
All monitoring wells will be located and tied »- the nearest state
road right-ot-way. State plane coordinates w i * ; be u*ed if avail-
able. Control will meet or exceed r.he minimur '.-jchnical standards
tor Land Surve/ors in the State of Texas, as specified in the TexasStatutes,

B. Vertical Control
Vertical control will be has**-) >n a r;nit«-?d Stat'.-s (ieo logical Surveydatum. The vertical datum shall he mean sea level, MGVD 1 .929
general adjustment, as establisned ny tne NQS zrti NCAA. The
statutes stated above will be met or exceeded.

C. Proponed location of horizontal and vertical '^rirol points shall besubmitted to the Site Manager, Robert s.mer.ts.
1 . 0 6 PERMITS

t"r review and corn-

A. The suocontracwc shall be responsible for obtaining any federalstate, or local permits require-J £cr wcrK or access? 'Mera1'

C. The Subcontractor shall furnish separate copies
the Contractor ^ the pemits are reived.
shall be furnished to the Contractor prior to

1 . 07 UNDEKSOCND AND OVERHEAD UTILITIES
Damage to underground and overhead utilities

-I.

all to

fro™
of

1 .08 COALIF1CATIONS

The Sutxxxitractor responsible for surveying the
licensed by the State of Texas as a Registered Pub i c
^ploying only content wrkers for the execution of sk
All such work shall be perfooned under the direct suoerv sio^ ofexperienced and as specified licensed surveyor. 3Upervlslon of

1 .09 SUBMITTALS

The Subcontractor shall furnish satisfactory evidence
that all trials to be furnished in perfoLinygood working order.

SCW-3
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1 . 1 0 AREA INGRES AND EGRESS

II

of ingress and egress will be provided fjy the U. S, Environ-
mental Protection Agency. The Subcontractor shall be responsible
for construction of any physical access that is required in order to
move equipment onto the work area and restoration of any and all
areas used for this purpose.

1 . 11 AREA RESTORATION
Tne Subcontractor shall be responsible for preserving, protecting,
and preventing damage to all public and private property. Any
damage to private or pjblic priority resulting directly or in-
directly frcm any of the Subcontractor's operations, shall be
restored, at his expense, to a condition similar or equal to that
existing before the damage was done in a manner acceptable to the
Contractor.

PART 2: PRODUCTS (NOT APPLICABLE)

PART 3 : EXECUTION
3.01 PROTECTION AND SITE CLEANUP

A. At all times during the progre.ss of the work, the Subcontractor
shall use all reasonable precautions to prevent either tampering
with the existing area conditions or the entrance of foreign
material.

B. Immediately upon completion ot the worK, the Subcontractor shall
remove all of his equipment, materials, and supplies fron the site
ot the work. The area shall be thoroughly cleaned by the Subcon-
tractor to the approval of the Contractor, Failure to comply with
these requirements shall give authority to other subcontractors or
workers, directed by the Contractor, to enter the area and conplete
the cleanup, etc. The cost of this work shall be deducted from
money due or becorve due to the Subcontractor for site surveying.

PART 4: HEALTH AND SAFETY PROTOCOL
4 .0 1 GENERAL , ! '

A. The work to be carried out under these specifications is within a
hazardous waste sito that is listed on EPA's National priority List
(NPL). Hazardous materials are known to De present in the soils
and groundwater of the area,

B. It is anticipated that Level D protection equipment shall be
utilized by the Subcontractor's personnel with contingency to up-
grade as outlined in Section 4.03 .
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4 . 0 1 SI ;Of,TIACTOR'S RESPONSIBILITIES

/.. ne s_ 1 ' .c--'-racr_or is sole'/ r • < = • isiM-? for it's personnel's health
.I:KJ ^a: A', a minimum the :ubcontirart. r will be responsible
for adhet to r.he Contr ctor1-. nealtii cino safety guidelines.

B, The Subcontractor must provide his personnel with all the required
health and safety equipmei t.
Note that the items to be i -rnished b> tne Subcontractor for his
work crew under different levels of protection are as described
below:
o All Levels - hard hats

- rubber gloves (butyl/ nitrile or neoprene) ("- rubber boots (butyl, nitrile or neoprene) withsteel toe and shank
- coveralls

o Level D
- chemical resistant coveralls ( i .e . , Saranex) optional
- disposable outer boots ( i .e . , PVC or equal) optional

o Level C - Protective clothing and equipment
- full face, air purifying cannister equipped respirator
- chemical resistant coveralls ( i .e . , Saranex)
- disposable outer boots ( i .e. , PVC or equal) optional

o Level B - protective clothing and equipment
- pressure demand self-contained breathing apparatus SCBA)
- chemical resistant coveralls ( i .e . , PVC, rubber or .Saranex)
- disposable outer boots (PVC or equal)

C. The Subcontractor must submit a letter stating that all it's site
personnel have been trained and fit tested for the u^e of air
purifying respirators (APR).

4.03 COMPACTOR'S RESPONSIBILITIES
A. The Contractor will maintain air monitoring rotations on a daily

basis when any personnel are onsite.
B. Any changes to the level of personal prr-- -ctu,:, will be as defined

below:
1. Site Personnel will upgrade to Level C respiratory protection

whan HNu readings observed in the ambient atmosphere are 5 ppm
above background for a 15 minute time weighted average period.
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2. When HNu readings observed in the ambient atmosphere are below
5 ppm above background for a 15 minute time weighted average
then a downgrading to Level D protection can occur.

4.

5.

3. Site Personnel wi,l: a) upgrade fron Level C to Level B ~ ——
respiratory protection: or b) vacate the site when HNu readings
observed in the ambient atmosphere are 10 ppm above background
far-arts minute tune weighted'averager
When the HNu readings in the ambient atmosphere exceed 50 ppm
above background all work will cease, the site will be vacated
and-fche Regional Health and S.afe£y Supervisor and the Site
Manager will be notified. "—"
When respirable dust monitor reading of 0.1 mg/fa3 or greater
are observed, Level B protection will be worn.

4 . 0 4 ONSITE HEALTH AND SAFETY COORDINATOR
Should, for any reason, it be determined that the working condi-
tions are unsafe, the Onsite Health and Safety Coordinator at his/
her discretion can terminate the work. The H & S Coordinator is
charged with overseeing site health and safety, instrument moni-
toring, personnel decontamination, control of contaminated material
and emergency response measures.
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WDRK SPECIFICATIONS
NORTH CAVALCADE

WELL INSTALLATION

PART 1: GENERAL
1 .01 SCOPE OF WORK

A. The work to be performed under this section includes the furnishing
of all labor, equipment, materials, and other facilities and in-
cidentals necessary to perform split spoon sampling and to install
monitoring wells at the North Cavalcade Site in Houston, Texas.

B. In general, the overall well construction procedures shall be as
follows:
1. site preparation;
2. drilling, sampling, and logging boreholes;
3. well construction including setting the well casing and screen,

packing, sealing, and grouting;
4. affixing a permanent well number and well depth with water

proof marking substance to the exposed portion of .the well
casing;

5. developing and completing the well;
6* site cleanup*

C. Approximately 50 additional shallow boreholes shall be sampled
continuously using a combination of split spoon or Shelby tube
sampling and dry hoilow-stem augering technique,

1 .02 SCOPE OF W3RK - SUMMARY DESCRIPTION
A. The well installation program is to be carried out as follows:

1. All wells drilled will be identified by one of two categories,
shallow or deep. The actual depth of each well will be
determined by the £ngi.i*;er.
A total of nine (9) shallow wells and one (1) deep well is to
be completed. The following well depths are only rough
estimates and meant for comparison only.

Mtell Type
Shallow
Deep

Depth (feet)
20

250
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The installation of the deep well is optional and contingent
upon the results of the shallow well sampling. The deep well
installation costs should he bid as a separate item.

2. The wells shall be drilled plumb and free of obstruction to the
designated depth. The boreholes shall be of sufficient nominal
diameter to provide a minimum annular space of 1 1/2 inchesaround the casing.

3. Shallow wells shall be drilled using a combination of split
spoon or Shelby tube sampling and dry hollow-stern augering
technique. Continuous soil samples shall be taken to a depth
of five feet below the base of the shallow aquifer.

4. The deep well shall be drilled using a telescoping procedure so
that the possibility o£ contamination by the uppermost aquifer
is minimized. Soil samples shall be collected at five-foot
intervals to 50 feet, at ten-foot intervals thereafter, and at
each change in materials. Samples shall be collected immed-
iately above and below the target horizon.

5. All drilling mud and cuttings shall be collected, container-
ized, and stored in compliance with RCRA (no permit required)
for disposal onsite or an approved facility, Druns for waste
disposal are to be provided by the drilling Subcontractor.

6. Accurately log each well and visually describe the materials
encountered using the Unified Soil Classification method.
Retain samples as directed by the Engineer.

7. All wells shall be PVC with manufactured PVC screens of 0.010
inch openings. All joints shall be screw threaded or riveted;no cement welded joints are permitted. All well screens and
casings shall be thoroughly steam cleaned prior to installa-
tion.
a. Shallow wells may be either 2-inch or 1 1/2-inch, flush-

joint, Schedule 40 PVC.
b. The deep well shall have a minimum nominal diameter of four

inches and be constructed of Schedule 80 PVC.
8. The shallow well screens shall be of sufficient length to

screen the entire thickness of the shallow aquifer plus two
feet above the indicated water table, A blank section of
casing may be installed below the screen to act as a sediment
trap,

9. The deep well screen shall be of sufficient length to screen
the entire interval of the deeper aquifer.

10. The entire length of the well screen to two feet above the top
of the well screen (if possible) shall be packed with an
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appropriate sized material (gravel) to facilitate hydraulic
cosivjnication between the well and the formation and to prevent
clogging of the well screen with fine particles.

11. The annular space imnediately above the pack material shall be
filled with a high sodium bentonite of thicknesses two and five
feet, respectively, for the shallow and deep wells*

12. Each well shall be grouted to the surface with a non-shrink
bentonite-cement grout.

13. Each well shall be protected with a lockable steel casing,
concrete pad, and cement-filled steel barriers.

14. The proper identification code of each well shall be perman-
ently affixed to the protective casing.

15. Upon conpletion, and after the grout has been allowed to cure
for a minimum of 24 hours, the wells snail be developed using
air lift or other appropriate techniques to a sediment-free
condition defined as less than 0.01 ml of sand colJected in a
1000 ml Imhoff cone when sampled 1 to 2 minutes after start of
pumping. Total maximum development time shall be two hours for
the shallow wells and ten hours for the deep well (excluding
any non-pimping periods of more than 15 minutes).

16. Once free of apparent sediment the shallow wells shall continue
to be pumped for a minimum of 30 minutes or five casing
volumes, whichever takes longer. The deep well shall continue
to be pumped for a minimum of eight hours at ten gallons per
minute, or the equivalent volume of water* All water produced
by completion or purging must be collected/ containerized., and
stored in compliance with RCRA (no permit required) for proper
disposal. Drums for disposal of produced water are to be
provided by the drilling Subcontractor.

B. Approximately 50 additional shallow boreholes shall be drilled
using the sampling methods stated in Section 1,02, Part A. Loca-
tions shall be determined by the Field Engineer. Each borehole
will be grouted to the surface with a non-shrink bentonite-cement
grout,

C. Clean up site, remove all residual drilling equipnent and trash and
irjake any necessary repairs to property.

1 .03 INSURANTS
A. Subcontractor agrees and shall submit evidence to the Engineers

before beginning work on the Project that he has procured and will
maintain such insurance as is described in the Engineers Standard
Subcontractor Agreement.
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I
1 .04 SITE DESCRIPTION

A. Each site will be visited and staked nrinr .-„ > . - , •
drilling Subcontractor and access ass™ "*̂ ««xon of the

representative shall be notified
I .Ob QUALIFICATIONS

A. The Subcontractor responsible for rnnct-r-,^..-
reputable well contractor ̂ louTJf f l"g ^ wells sha11 be a
execution of thS^ • AKch^ork L^ ^ F*™ f°r "»direct supervision of an experience^ Ln £ • n perfonned u"der thethe Owner's representative. U driller s^isfactory to

completion report,

C. The Engineer may make any other investiqat
determine the ability of the Subcontractor
the Subcontractor shall furnish to theinformation and data for this

D.

necessatV to
"°*'
request

and all equi^nt
E.

- - -- -—— -—— •• iv,i; afcj^jj. .n^dij
local laws and regulations.

1 .06 SUBMITTALS

A. Copies of all materials required to
specifications shall be submitted to the

B. During drilling, the Subcontractor shall m-
a complete log setting forth the followlng . u

**

this
state, and

With the

Slte

1. The reference point for all depth measurements.
2. The depth at which each charge of formation occurs.
3. The identification of the material o

caused (unified Soil
4. The depth interval fron which formation samples were taKen.
5. Other pertinent data requested by the Engineer.
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C. During drilling, a daily detailed driller's report shall be main-
tained and submitted if requested by Engineer. The report shall
give a complete description of all formations encountered, number
of feet drilled, number of hours on the job, shutdown due to
breakdown, feet of casing set, and other pertinent data requested
by the Engineer.

D. During drilling of each well, formation samples shall be collected
and preserved immediately after retrieval in a manner approved by
the Engineer. Samples shall be clearly and indelibly labeled with
the following information:
1. Location of the well.
2. Name or number of the well.
3. Depth interval represented by the sample.
4. Sampling method.
5. Date taken.

E. Upon completion of each well, the Subcontractor shall also subnit
to the Engineer a report to include the following:
1. The total depth of the completed well.
2. The depth of location of any lost drilling fluid, drilling

materials or tools.
3. Record of the top and bottom depth of each stratum encountered

and driller's description of material.
4. The grout intervals. The gravel pack intervals.
5. The complete description (including length, diameter, slot

sizes, etc.) of well casings and screens.
6. Other pertinent data requested by the Engineer.

F. Sample containers shall be as approved by the Engineer.
G. Field copies of the logs shall be evaluated by the Onsite

Coordinator or Geologist prior to setting the casing and well
screen.

1 ,07 HANDLING OF MATERIALS
A. All equipment parts and materials shall be properly protected so

that no damage or deterioration will occur during a prolonged delay
from time of shipment until installation is completed and the units
and equipment are ready for operation.
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B. All equipment, parts/ and materials shall be properly protected
against damage at the site. Any equipment/ parts and materials
damaged, or deemed unacceptable by the Engineer, shall be removed
fron the site and replaced with new like equipment, parts, or
materials by the Subcontractor is at his expense.

1 .08 WELL ACCEPTANCE CRITERIA
A. Wells wiM be accepted by the Engineer when the well is developed

to the point that it is producing water free of drilling fluid and
is sand- and sediment-free, or a good hydraulic connection between
the well and aquifer can be demonstrated.

1 .09 SITE PROTECTION
A. Upon completion of the work, the Subcontractor shall restore the

site as nearly as possible to the original condition, including the
replacement, at the Subcontractor's sole expense, of any facility
or landscaping which has been damaged beyond restoration to its
original condition, or destroyed.

1 .10 ADDITIONAL WORK
A. At the option of! the Engineer, additional work may be authorized.

Additional work shall be completed at the unit prices bid.
1 . 1 1 MEASUREMENT AND PAYMENT

A, Payment of work performed shall be on a basis of unit and lump sum
prices bid and actual work performed,

PART 2: PRODUCTS
2.01 CASING

A. Shallow well casings shall be 1 1/2 inch or 2 inch Schedule 40 PVC,
threaded or riveted flush-joint. Deep well casing shall be a
minimum four inch diameter Schedule 80 PVC, threaded or riveted
joints. The surface casing for the deep well should be a large
diameter (six inches or larger) steel casing. Factory markings
should clearly identify the materials as that which is specified.

2.02 SCREEN
A. Well screen shall be slotted PVC with openings of 0.010 inches and

diameter equivalent to the casing.
B. Screens shall be fitted with a plug on one end.

2.03 G^VEL PACK
A. An approved, ccnmercially available gravel shall be employed as a

gravel pack material.
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B. The gravel shall be well rounded
compatibility with the -elT^

2 .04 GROUT

A. A ncn-shrink bentonite cercent g.out shall be used in all wells.
2.05 EENTONITE SEALS

the yravel

i •
^

2.06 PROTECTIVE CAPS

A. E<sch well shall be fitted with a
the entry of foreign material"

2 .07 STEEL BARRIERSA-
SUrface' Th»6concrete-

awundfrf;ri entering the well or

posts shall bo used for each wln
ecjually spaced around the well!

2 .08 CONCRETE PAD

A* surfac; c'asi^'to
well annulus,

2 .09 SAFETY EQUIPMENT

A. The Subcontractor shall provide for hi« ^™itractors, all equianent nece^strv L ^yees, and any subcon-drill sites. * ^ necessary to provide adequate safety at the
PART 3: EXECUTION
3.01 SITE PROTECTION

A. At all times

materials fron entering the
3.02 BOREHOLE CONSTRUCTION

A. The diameter of the
provide a space
1. Shallow wells shall be bored to

base of the shallow aqui?er.

K* «
^ia^ter to

1 1/2 inches around the casing.
the
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2. The deep well shall initially be bored completely through the
shallow aquifer, sealed with a steel casing, and then bored
though the deep aquifer.

3.03 BOREHOLE SAMPLING
A. Borehole sampling shall be conducted at those intervals stated in

Section 1 .02 as well as all pronounced changes in stratum and at
the termination of the borehole. These samples shall be labeled,
packed and given to the Onsite Coordinator.

3.04 CASING AND SCREEN INSTALLATION
A. Every effort shall be made by the Subcontractor to assure casing

plumbness and centralization within the borehole.
B. Centralizers may be used to assure eating centralization within theborehole for the deep well.
C. The shallow well casing shall be installed through the hoilow stem

of the auger as auger is removed from the borehole.
D. The shallow well casing shall be installed through tha hollow stem

of the auger. In drilling the deep well the well bore should be
initially advanced through the shallow aquifer using mud rotary
techniques until "clean" materials are encountered in the under-
lying formation* The underlying formation may be assured to be
clean if no indications of the contamination are detected through
visual examination of the soils, with tne olfactory sense, or with
field instruments. A sample from the terminus of this initial
boring shall be collected. The well bore should then be sealed off
with a large diameter (six inches or more) steel casing cemented
into place with non-shrink, bentonite cement grout. Once the grout
has set (24 hour minimum) and the well bore inside the surface
casing has been thoroughly cleaned, the well bore should be ad-
vanced further employing a pure, high sodium bentonite mud of suf-
ficient consistency and weights to insure that its density is
greater than the density of any known contaminants of the site
(approximately 120 percent the density of water).

E. The casing and screen column shall be secured approximately 1 foot
above the bottom o£ the borehole to allow the gravel pack to form
beneath the screen.

F. Casing and screen shall be cleaned as necessary and as directed by
the Engineer.

3.05 GRAVEL PAOC
A. All wells shall have a gravel pack placed around the well acreen up

to two feet above the screen, it possible.
B. The gravel pack shall be placed in the well by means of a tremie

pipe or other means to insure that no bridging of the hole occurs.
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C. The gravel pack shall not extend into any stratum in contact with
the stratum that is being cased off.

\ , v v'3.06 BEMTONITE SEAL ' ________X~—••
A. The top of all gravel packs shall be sealed with bentonite prior to

grouting. The bentonite pellets shall be placed in a manner
similar to the gravel pack/ such that any bridging of the hole does
not occur.

B. The bentonite seal be a minimum of two (2) feet thick in the
shallow wells and five (5) feet thick in the deep well.

C. The bentonite seal shall not extend into any stratum in contact
with the stratum that is being screened.

3.07 GROUT
A. All cement grout shall be placed using a tremie pipe or other

method as approved by the Engineer.
B. The annular space shall be grouted to the surface and caapleted

with a pad.
C. No additional work shall be carried out on any well for a minimum

of 24 hours after grouting, to provide a proper cure, .
3.08 WELL DEVELOPMENT

A. Each well shall be developed sufficiently to ensure a good hydrau-
lic connection with the aquifer for the well to be acceptable.

B. Each well shall be developed by pumping, surging, or air lifting
until groundwater produced is clear of all turbidity and sedimen-
tary particles from the drilling mud and surrounding formation and
continue to be ptsnped for a period of time stated in Section 1 .02.

3.09 WELL COMPLETION
A, The casing shall be cut off at a point 24 inches to 36 inches above

the ground surface and fitted with a threaded or slip-on type cap.
B. E?ch well shall be adequately protected with a lockable steel

casing, concrete pad, and cement-filled barriers. In the case of
the deep well, t.he surface casing may be used as the protective
casing.

C. Each well shall ba permanently marked witn its depth, measuring
point and identification ntmiber,

3. 10 WELL ABANDONMENT
A. In the event that the Subcontractor shall fail to sink the well to

the depth specified or to such other depths as directed by the
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Engineer, or should abandon the well because of loss of tools or
for any other cause, he shall, as requested and directed by the
Engineer, plug the well wich non-shrink cement/bentonite grout from
the bottom of the hcne upwards to ground level in one operation at
no additional cost.

PART 4: HEALTH AND SAFETY PROTOCOL ,
4 .0 1 GENERAL ^-'

A. The work to,te6 carried out under these specifications is within a
hazardous^waste site that is listed on EPA's National priority List
(NPL), " Hazardous materials are known to be present in the soils
and groundwater of the area.

B. It is anticipated that Level D protection equipment shall be
utilized by the Subcontractor's personnel with contingency to up-
grade as outlined in Section 4.03.

4 . 0 2 SUBCONTRACTOR'S RESPONSIBILITIES
A. The Subcontractor is solely responsible for it's personnel's health

and safety. At a minimum, the Subcontractor will be responsible
for adhering to the Contractor's health and safety guidelines.

B. The Subcontractor must provide his personnel with all the required
health and safety equipment.
Note that the items to be furnished by the Suixrontiractor for his
work crew under different levels of protection are as Jescribed
below:
o All Levels - hard hats

_ - r^obbec.;:giQies._ibutyl,.jiitril& or neoprene)
- rubber boots (butyl, nitrile or neoprene) with
steel toe and shank

- coveralls
.9 Level D

- chemical resistant coveralls ( i .e . , Saranex) optional
- disposable outer boots ( i .e . , PVC or equal) optional

o I,eve.L C - Protective clothing and equipment
- full face, air purifying cannister equipped respirator
- chemical resistant coveralls { i .e . , Saranex)
- disposable outer boots (i .e., PVC or equal) optional

o Level B - protective clothing and equipment
- pressure demand self-contained breathing apparatus (SCBA)
- chemical resistant coveralls ( i .e . , PVC, rubber or Saranex)
- disposable outer boots (PVC or equal)
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C. The Subcontractor must sutrnit a letter stating that all it's site
personnel have been trained and fit tested for the use of air
purifying respirators (APR).

4.03 CONTRACTOR'S RESPONSIBILITIES
A. The Contractor will maintain air monitoring stations on a daily

basis when any personnel are onsite, , /1 ; / • /
B. Any changes to the level of personal protection will be as defined

Site Personnel will upgrade to Level C respiratory protection
when HNu readings observed in the ambient atmosphere are 5 ppm
above background for a 15 minute time weighted average period.
When HNu readings observed in the ambient atmosphere are below
5 ppn above background for a 15 minute time weighted average
then a downgrading to Level D protection can occur.
Site Personnel will upgrade from Level C to Level B respiratory
protection when KNu readings observed in the ambient atmosphere
are 10 ppn above background for a 15 minute time weighted
average.

..When the HNu readings in the ambient atmosphere exceed 50 ppm
above" background all work will cease, the site__w_iLL- be- vacated""
and the Regî nair-Hea4rfeh-^fle^^dfet-Stip^rVis^^ and the SiteManager will be notified.
When respir-jble du
are observed, Level

4.04 ONSITE HEALTH AND SAFET

tor reading of 0.1 mg/m3 Or greaterrotection will be worn.
INATOR

Should, for any reason, it be determined that the working condi-
tions are unsafe, the Onsite Health and Safety Coordinator at his/
her discretion can terminate the work. The H & S Coordinator is
charged with overseeing site health and safety, instrument moni-
toring, personnel decontamination, control of contaminated material
and emergency response measures.

END OF SECTION
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' , UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
_ _ REGION VIi- —•—' ff

** •*?**''' I201 ELM STREET
June 7, . 985 DALLAS. TEXAS 75270

Dr. Robert S. Kler
Cdftp, Dresser and McKee
3445 Execut ive Center Drive
Suite 220
Aust in TX 7873 1
Re: North Cavalcade Street site
Dear Dr. Kler :
Per our conversation of May 22, 1985 I am writing to define EPA's
pos i t i on concerning surface wate r/sad iBen t sampl ing and placement
of a deep monitoring well at the North Cavalcade s i te .
( 1 ) Surface Wafcer/Sedieent Sampling - The Harris County flood

control ditch that d iv ides the site is the discharge path for
the s ites surface water runoff. A noraal and high f low sample
from the point where the ditch enters the site and from where
the ditch leaves the s i te wi l l be adequate to determine ifthe surface water/sed iment is conveying contaminants from the
s i te . If, based on EPA's review of the lab results, s ign if i-
cant quantities of contaminants are leaving the s i te^ the
sampl ing program wi l l be expanded to determine the source ofthe contaminat ion.
Deep Monitor ing
saftple the *200

Wel l - The placesent of a moni tor ing well to
foot " aquifer is to be optional . Only if,

based on EPA's rev iew of the soil samples and/or other facts,
contamination of the "200 foot" aquifer appears to be possible.than the deep monitor ing well wi l l be installed. Camp, Dresserand McKee wi l l include the cost of this monitor ing wel l in
costing the Remedial Investigation/Feasibll ity Study.

If you have
767-9763.

any quest ions please feel free to call Me at ( 2 1 4 ) -

Sincere ly yours,

* ~ L-Jonn Cochran
Regional Site Project Officer
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